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I -  

\ '  FOREWlOkD 
k .  
> n o r d e r  t o  suppor t  manned lunar   m iss ions  of the   f u tu re ,   concep ts  f o r  l u n a r  

; 
s h e l t e r s   a r e   c u r r e n t l y   b e i n g   d e v e l o p e d  and  analyzed.  Since men wi l l  spend a 
s i g n i f i c a n t  - - p o r t i o n  of  t h e i r  . t i m e   w i t h i n   t h e   c o n f i n e s  of t h e   s h e l t e r ,   c o n s i d -  y o  b ' 8  

e r a t i o n s   a f f e c t i n g   s h e l t e r   h a b i t a b i  I i t y  become equa l   l y  as impor tan t  as f a c t o r s  
a s s o c i a t e d   w i t h   m i s s i o n   o p e r a t i o n s .   I n   d e s i g n i n g  a l u n a r   s h e l t e r  t o  ensure 
adequate  habi tab i  I i t y ,   s e v e r a l   p r o b l e m s   a r i s e .   F i r s t ,   t h e r e  is no  agreed 
upon d e f i n i t i o n  o f  t h e   t e r m ,   h a b i t a b i  I i t y .   Fu r the r ,   p rob lems   usua l   l y   encoun-  
t e r e d   i n   h a b i t a b i  I i t y   d e s i g n   e f f o r t s   a r e   t h a t   h a b . i t a b i   l i t y   c r i t e r i a   a r e  i I I -  
d e f i n e d   o r   e v e n   i n a p p r o p r i a t e  and t h a t  a measurement s c a l e   o f   d e g r e e s  of 
h a b i t a b i l i t y   i s   n o t   a v a i l a b l e .   T h u s . a   d e s i g n e r   h a s   n o   i n f o r m a t i o n   o n   w h i c h  
requi  rements f o r  hab i t a b  i I i t y   a r e   e s s e n t i a l  and  which  are  on l y   d e s i   r a b   l e  when 

I, p e r f o r m i n g   t r a d e o f f s  of  a l ternate  des ign  approaches.  The  p.roblems o f   h a b i t a b -  
'i\ 4 i I i t y  d e s i g n   a r e   f u r t h e r   a g g r a v a t e d   b y   t h e   s u b j e c t i v e   q u a l  i t y   o f  much o f  t h e  

e x i s t i n g   i n f o r m a t i o n   c o n c e r n i n g   s u c h   f a c t o r s  as f r e e  volume,  needs f o r   p r i v a c y ,  f and i n t e r p e r s o n a l   i n t e r a c t i o n s ,   e t c .  
! 
1 '  

Wi th   t hese   p rob lems   i n   m ind   t he   Ma t r i x  Research Company per fo rmed  the   p resent  
s t u d y   o f   l u n a r   s h e l t e r   d e s i g n   f o r   h a b i t a b i  I i t y .  The purpose f o r   t h e  sl-udy i s  
t o  p rov ide   eng inee rs   conce rned   w i th   she l te r   des ign ,   w i th   hab i tab i l i t y   requ i remen ts ,  
and w i th   des ign   gu ide l   i nes .  Whenever poss ib le ,   these  gu ide l ines   a re   descr ibe .d  
i n   q u a n t i t a t i v e   t e r m s  f o r  three  degrees  o f   impor tance.  The degrees i n  descending 
o r d e r  of  importance,  are:   safety  guidel   ines,   performance  guidel   ines,   and 
comfor t   gu i   de l   ines.  The approach  taken  in   the   s tudy  was  an app I i c a t i o n   o f  
t h e   M a t r i  x Research  man/systems i n t e g r a t  i on  methodo I ogy wh i ch begi  ns w i  t h  
m i s s i o n   r e q u i r e m e n t s   a n d ' r e s u l t s   i n  a d e s i g n   c o n c e p t   f o r   t h e   s h e l t e r   h a b i t a b i l i t y  

Waltort L. Jones. M.D.. D i r e c t o r .  
I system.  This  study was under taken  as  par t  of t h e  Human Fac to rs  Systems  Program, 
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The s p e c i f i c   o u t p u t s  o f  t h e   s t u d y   a r e  as f o l  lows: 

An o p e r a t i o n a l   d e f i n i t i o n  o f  h a b i t a b i   l i t y  

A s e t  of I unar  she I t e r   h a b i   t a b i  I i t y   r e q u i r e m e n t s  

A I i s t i n g  of  a p p l   i c a b l e   h a b i t a b i   l i t y   c r i t e r i a  o r  factors   which  must  
be  cons idered  in  a d e s i g n   f o r   h a b i t a b i  I i t y  

A s e t  o f  h a b i t a b i l i t y  modu les   wh ich   invo lve   the   se t  o f  requi rements 
assoc ia ted   w i th   each hab i t a b  i I i t y   f u n c t i o n  

Des ign   gu ide l i nes   f o r   each   modu le   a t   t h ree   l eve l s   o f   impor tance :  
safety,   performance and comfort 

A t e c h n i q u e   f o r  deve lopi  ng  module  design  approaches from design 
g u i d e l i n e s  

Methodo I ogy f o r  i n t e g r a t  i on o f  modu I es 

Represen ta t i ve   des ign   concep ts   f o r   i nd i v idua l   modu les  and f o r   t h e  
t o t a l   s h e l t e r .  

Wh i l e   t h e   g u i d e  I ines  and techn iques   deve loped   i n   t h i s   s tudy   were   es tab  I i shed 
p r i m a r i   l y   f o r   t h e   t a s k  o f  des ign ing  a s h e l t e r ,   t h e y   a r e   e q u a l   l y   a p p l i c a b l e  
i n   e v a l u a t i n g  a s p e c i f i c   d e s i g n  f o r  s h e l t e r   h a b i t a b i l i t y .  Used  as an e v a l u a t i o n  
t o o l   t h e   d a t a  and techn iques   enab le  a des ign  engineer  t o   s e l e c t  more e f f e c t i v e  
design  approaches  and t o   i d e n t i f y   p r o b l e m s   f o r   h a b i t a b i   I i t y   i n  any design  concept. 
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1.0 INTRODUCTION 

he M a t r i x  Research Company recent ly   comple ted ,   fo r  NASA, an i n v e s t i -  
g a t i o n  of as t ronau t   pe r fo rmance   capab i l i t y   i n   t he   l una r   env i ronmen t .  
An o u t p u t  of t h i s   s t u d y   c o m p r i s e d   t h e   i d e n t i f i c a t i o n  of  a d d i t i o n a l  

research   requ i red  t o  more f u l l y   d e s c r i b e  and def ine  ast ronaut   per formance 
capabi I i t i e s  on t h e  moon. One of t h e   h i g h   p r i o r i t y   i n v e s t i g a t i o n s  recorn- 
mended i n   t h e   r e s e a r c h   p l a n  was t h e   d e t e r m i n a t i o n   o f   l u n a r   s h e l t e r   h a b i t -  
a b i l i t y   d e s i g n   g u i d e l i n e s .  The p resen t   s tudy  was performed t o   p r o v i d e  
she l te r   des ign   eng inee rs   w i th   i n fo rma t ion   conce rn ing   as t ronau t   requ i remen ts  
and g u i d e l i n e s   f o r   s h e l t e r   h a b i t a b i l i t y .  

The o u t p u t   o f   t h e   p r e s e n t   s t u d y   c o n s i s t s  o f  design  gui  de I i nes f o r  she1 t e r  
h a b i t a b i l i t y .   I n p u t s   t o   t h e   s t u d y   i n c l u d e d ,   i n   a d d i t i o n  t o  The e a r l i e r  
Matr ix Research   inves t iga t ion ,   lunar   she l te r   m iss ion   in fo rmat ion   ob ta ined 
f rom  cognizant   engineers  a t   Langley  Research  Center ,   Marshal  I Space F l i g h t  
Center, NASA Headquarters,  and  the U.S. Geological  Survey. The s tudy  
i t s e l  f c o n s i s t e d   o f   d e v e l o p i n g  a method f o r   i d e n t i f y i n g  hab i t a b i  I i t y  
r e q u i r e m n t s  and i n t e g r a t i n g   t h e   r e q u i r e m e n t s   w i t h   h a b i t a b i  I i t y   c r i t e r i a  
t o  a c h i e v e   d e s i g n   r e q u i r e w n t s   o r   d e s i g n   c r i t e r i a   f o r   t h e   s h e l t e r  
hab i t a b  i I i t y  system. 

O b j e c t i v e s   o f  t 

o To deve 

o To deve 

o To deve 

e i n v e s t i g a t i o n   a r e :  

op  and  assess s h e l t e r   h a b i t a b i  

op  hab i t a b  i I i t y  c r i  t e r i  a 

o p   d e s i g n   c r i t e r i a  for s h e l t e r  

1 i t y   r e q u i   r e m n t s  

hab i t a b  i I i t y  systems 



T h i s   s t u d y   i s   d i r e c t e d   t o w a r d   l u n a r   s h e l t e r   m i s s i o n s   w i t h  a p lanned  s tay  
t i m e   o f  28 days  and  a  crew s i z e  o f  two a s t r o n a u t s   w i t h   p r o v i s i o n s   f o r  
adding an a d d i   t i o n a  I crew member and inc reas ing   s tay   t ime  up t o  90 
days. The on ly   ope ra t i ons   cons ide red   i n   t he  deve l o p m n t   o f   t h e   h a b i t a -  
b i  lity system  were  those  non-miss ion  or iented  funct ions  which  invo lved 
ac tua l  I i v i  ng, moving  about,  and  performing o f f  d u t y   a c t i v i t i e s .  
Determinat ion o f  l i f e   s u p p o r t  and s h e l t e r  atmosphere  requirements was 
considered t o  be   ou t  of the  scope o f   t h i s   e f f o r t   p r i m a r i l y   s i n c e   t h e  
s t a t e  o f  t h e   a r t   i n   d e v e l o p i n g   t h e s e   p a r a m e t e r s   i s  we1 I advanced,  and 
s ince   de te rm ina t ion  o f  o t h e r  components o f   h a b i t s b i l i t y   i s  so i l l  
de f ined.  The components o f  I unar  she I t e r   h a b i   t a b i  I i t y ,  hence fo r th  
t e r m d   h a b i t a b i l  i t y  c r i t e r i a ,   e v a l u a t e d   i n   t h e   s t u d y   i n c l u d e   t h e  
fo I I ovri  ng: 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

f ree   vo  I ume 
compar tmenta l i za t ion  
area  layout   ar rangement  
area use f req  uency/d  urat  i on 
f u r n i s h i n g s  
equipment  operabi I i t y  
decor 
I i g h t i n g  
no ise  
temperature 
growth  .potent ia  I 



1.2 APROACH 

The a p p r o a c h   t a k e n   i n   t h i s   i n v e s t i g a t i o n  was t o  v iew   the   va r ious  
components o f  , t he   she l te r   wh ich   suppor t ,   sus ta in ,   and   p ro tec t   t he  
man as a comple te   sys tem  w i th   de f ined  inpu ts ,   opera t ions ,   and  ou tpu ts .  
The i n p u t s   i n c l u d e   t h e   r e q u i r e m e n t s   f o r   h a b i t a b i - I i t y ,   i n c l u d i n g  crew 
s ize,   miss ion  durat ion,   and a g e n e r a l   d e s c r i p t i o n   o f   m i s s i o n   a c t i v i - t i e s .  
The output   compr ises an e n v i r o n m n t   w h i c h  does no-i- degrade  ast ronaut  
per formance,   has  min imal   e f fect  on a s t r o n a u t   c o m f o r t  and  which  is  
maxima I l y   s a f e   f o r   a s t r o n a u t  hab i t a t i c n .  

A p p r o a c h i n g   t h e   s h e l t e r  as  a h a b i t a b i l i i y   s y s t e m   f a c i l i t a t e s  tine 
d e v e l o p r e n t   o f   r e q u i r e m n t s  and  des ign  cr i ter ia .   Requi rements  inc lude 
a I I f a c t o r s  wh i c h   e n s u r e   t h a t   t h e   s y s t e m  deve I opment wi I I progress 
f rom  i npu t  t o  o u t p u t .   & s i g n   c r i f e r i a   d e f i n e   I - h e   c o n s t r a i n t s  on 
design of means t o  s a t i s f y   t h e   r e q u i r e m e n t s ,   w h i c h   c o n s t r a i n t s   a r e  
based p r i m a r i l y  on  Dan's e s s e n t i a l   c a p a b i l i t i e s  and l i m i t a t i o n s .  

The essence o f  The  approach i s   t h e   d e v e l o p m n t  o f  requi rements.   For  
t h e   l u n a r   s h e l t e r   h a b i t a b i   l i i y  sys tem,   requ i rements   inc lude  func t iona l  
requ i rements ,   in fo rmat ion   requ i   remnts ,   ps r fc rmance  requ i rements ,  
hardware  requirements,   and  f ree vol urn  requi rements.   Funct ional  
requ i   remnts   a re   deve l  oped f o r  each  hab i I-abi I i t y   f u n c t i o n  The 
requ i rements   inc lude  sub  func t ions   o r   tasks   wh ich  make  up the  
f u n c t i o n .   I n f o r m a t i o n   r e q u i r e m n t s   i n c l u d e   t h e   i n f o r m a t i o n  
necessary t o  comple te   the   func t ion .   Per fo rmance  requ i remnts   in -  
c l u d e   s p e c i f i c   a c t i v i t i e s  and c o n s t r a i n t s  on performance o f   t h e  
func t ions .   Hardware   requ i   remnts  i n c l  ude the   genera  i t ypes  o f  
e q u i p m n t   r e q u i r e d  for performance o f  each  subfunc t ion   wh i   le   f ree  
vo lume  requ i reKents   inc lude  the  rnin imum v o l  umes f o r  each  sub- 
f u n c t i o n .  

3 



The h a b i t a b i   l i t y   f u n c t i o n s   c o n s i d e r e d   i n   t h i s   a n a l y s i s   i n c l . u d e :  

S leep 
Nourishment 
Waste e l   i m i n a t i o n  
Rest and r e l a x a t i o n  
Locom t i on 
Hyg i ene 
Personal  equi pment care  and  housekeeping 
A i r  lock a c t i v i t i e s .  

When spec i f i c   requ i rements   have been developed f o r  each func t ion ,  
t hese   requ i   remnts   a re   i n teg ra ted   w i th   hab i   t ab i  I i ty c r i t e r i a   t o  
desc r ibe   she l te r   a rea  modules fo r   per fo rmance  o f  each func t i on .  
The i n t e g r a t i o n   o f   h a b i t a b i l i t y   c r i t e r i a  and  requirements,  which 
r e s u l t s   i n   d e s i g n   c r i t e r i a   f o r  each  module, i s  performed a t   t h r e e  
levels:   safety,   performance, and comfor t .  The leve l   o f   sa fe ty   de f i nes  
t h e  m i  nimum a l  lowab le   requ i rements   to   ensure   as t ronaut   sa fe ty .  The 
per formance  leve l   inc ludes  habi tab i  I ity c r i t e r i a   v a l u e s   s e l e c t e d   t o  
assure minimum degradat ion  o f   per formance of h a b i t a b i  lity func t ions .  
The leve l   o f   comfor t   compr ises   the   requ i   remnts   wh ich   p rov ide   the  
a s t r o n a u t   w i t h  an environment  including  minimal  stresses. 

When area  modules  are  descr ibed,  they  are  integrated t o   r e s u l t   i n  
a   des ign   concept   o f   the  t o t a l  s h e l t e r .   T h i s   p a c k a g i n g   a c t i v i t y  
i s  based on an assessment o f  crew a c t i v i t y   l e v e l s   i n   s e p a r a t e  
modules, i n t e r f a c e   r e q u i r e m n t s  among modules,  and a tim l i n e  
ana lys i s .  

The f i n a l   s t e p   i n   t h e   s t u d y   i s   t o   a p p l y   t h e   a n a l y t i c a l   t e c h n i q u e s   t o  
develop  representat ive  shel ter   des ign  concepts.   Descr ip t ion of these 
concepts i s   p r o v i d e d   t o  i I l u s t r a t e   t h e   a c t i v i t i e s   w h i c h   c o m p r i s e   t h e  
h a b i t a b i  I i t y  systems  development  approach  and  are  not t o  be construed 
as  des i gn recommendations. 



Approach Flow Diagram 
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1.3 SUMMARY 

Based  on t h i s   s t u d y  it i s  conc luded   tha i :  

o h a b i t a b i l i t y   i s   d e f i n e d   o p e r a t i o n a l l y   a s   t h e  sum t o t a l  of  s h e l t e r   d e s i g n  
c h a r a c t e r i s t i c s   p r o v i d e d  i o  enab le  and suppor t   the   per fo rmance o f  as t ronau t  
1 i v i n g   f u n c t i o n s   ( s l e e p ,   w a s t e   e l   i m i n a t i o n ,   e l - c .  1 

o t h e  crewmen must  devote 33% o f   t h e i r   t i m e  t o  s leep ing ,  44% t o  mission  work,  
13% t o  p e r s o n a l   a c t i v i t i e s ,  9% f o r  e a t i n g  and r e j a t e d   d u t i e s ,  and I $  f o r  
housekeeping. 

o t h e   m o s t   e f f i c i e n t   f u n c t i o n a l   a r e a   s h a r i n g   c o n c e p t   i n c l u d e s  one  compartment 
f o r   s l e e p  and r e s t  f o r  one  as t ronaut  and  nourishment f o r  bo th ;   another  
compartment f o r  s l e e p   a n d   r e s t   f o r   t h e   o t h e r   a s t r o n a u t  as w e l l  as m iss ion  
a c i - i v i t i e s   f o r   b o t h ;  and separate  areas f o r  a i r l o c k ,   w a s t e   e l  
and  hygiene. 

o a t o t a l  volume of 650 t o  700 c u b i c   f e e t   i s   n e c e s s a r y  f o r  two 
p e r f o r m   ( w e l l   w i t h i n   a c c e p t a b l e   l i m i t s )   f o r  up t o  a 90 day st 
( o r  f o r )  t h r e e  crewman f o r  30 days; I - h i s  does n o t   i n c l u d e   v o l  
f o r   t h e   a i   r l o c k .  

im ina t i on ,  

crewmen t o  
a y t i  me , and 
ume requ i red  

o t h e r e   i s  a c r i t i c a l  need fo r  s o c i a l   i n t e r a c t i o n   r e s e a r c h   w h i c h   c o n s i d e r s  
p r i v a c y   v e r s u s   c r e w   i n t e r a c t i o n ,  need fo r  sensory  enr ichment and t e r r i -  
t o r i a l   b e h a v i o r .  

o t h e   o u t p u t   o f   t h i s   s t u d y   i s  a methodology f o r   d e v e l o p i n g   h a b i t a b i l i t y   r e -  
q u i r e m e n t s   a n d   d e s i g n   g u i d e l i c e s   f o r   l u n a r   s h e l t e r s .  An a p p l i c a t i o n  of t h e  
methodology t o   r e p r e s e n t a t i v e   l u n a r   m i s s i o n s   i s   d e s c r i b e d  and  design 
approaches  are  developed. 
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1 2.0 LUNAR EXPLORATION 

1 n de termin ing   and  de f in ing   requ i rements  f o r  l u n a r   s h e l t e r   h a b i t a b i l i t y   t h e  
t o t a l   s y s t e m   w i t h   w h i c h   t h e   a s t r o n a u t  wil I in te r face   must   be   cons idered.  
The i n p u t s  t o  the   sys tem  compr ise   miss ion   requ i rements ,   such  as   spec i f i -  i o  

c a t i o n  of  crew  s ize,   miss ion  durat ion,   and  operat ions t o  be  completed  by  the 
a s t r o n a u t s   d u r i n g   t h e   m i s s i o n .  

S c i e n t i f i c   r e q u i r e m e n t s  wil l p l a y  a m a j o r   r o l e   i n   d e f i n i n g   t h e   e q u i p m e n t  needed 
fo r  post-Apol lo e x p l o r a t i o n .   I n   t h e  summer o f  1965, t h e  Space Science  Board 
o f   t h e   N a t i o n a l  Academy o f  Sc iences,   meet ing  a t  Woods Hole,  Massachusetts, 
forrnu I a t e d   t h e   b a s i c   q u e s t i o n s   a b o u t   t h e  moon f o r  which  answers  shoul d be 
sought.  Another  conference was he1 d at   nearby  Falmouth.   They  estab I i shed 
e i g h t   w o r k i n g   g r o u p s ,   f o u r   r e l a t e d   t o   t h e   g e o s c i e n c e s :  geodesy,  geology,  geo- 
chemistry,  and  geophysics.  These  groups  formulated  recommendations f o r   t h e  
des i red   i nves t i ga t i ons   and   m iss ion   suppor t   equ ipmen t  f o r  l u n a r   e x p l o r a t i o n .  

’! Fu ture   miss ions  w i  I I r e q u i r e   i n c r e a s e d   s t a y   t i m e s ,   l a r g e r  crews,  and  more 
advanced sc ien t i f i c   equ ipmen t .   Seve ra l   she l te rs   have  been  designed t o   e x t e n d  
t h e  day  and a h a l f   s t a y   t i m e   c a p a b i l i t y   o f   t h e   l u n a r   m o d u l e .  
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EXPLORATION 

Experience  suggests a three  phase  approach t o   l u n a r  
e x p l o r a t i o n :   d i s c o v e r y  and  conquest ,   exp lorat ion 
and e x p l o i t a t i o n .  
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The  first  phase,  primari ly orbital  and  unmanned 
probes,  is  complete  with  the landing of  Apol lo XI. 
It  has  formed  the  framework for analysis of the 
next  two  phases. 

The  second  phase,  exploration, will consist of orbital 
and surface  missions.  The primary tool w i  I I be man. 
Observations by astronauts  trained  as  field  geologists 
w i l l  be  most  important in defining  the  nature  of lunar 
features and processes.  Emphasis w i  I I be  placed on 
sites which encompass  key I unar  features  for  the  con- 
duction  of  geoscientif  ic  experimentation  supported  by 
contributions  from  other  scientific  disciplines. 

The  third  phase,  exploitation, w i l l  be a self  sustaining 
colony  utilizing a l l  of  the moonls resources to sustain 
I ife and  provide  supplies, whi le continuous  research 
is  conducted.  During  Phase I I ,  the  exploratory  surface 
missions,  the  astronauts w i  I I need a shelter  that w i  I I 
do  more  than  assure  safety  and  sustain  life.  The 
shelter  must  provide  work  space  to  support  the  exp lor- 
ation and scientific  experimentation,  it  must grow 
with  scientific  discovery and it  must  assure  effective 
performance and adequate  crew  comfort. 



. .. 

2.1 MISSION OPERATIONS 

As l u n a r   m i s s i o n s   o f   t h e   f u t u r e   a r e   b e i n g   p l a n n e d ,  a g r e a t  amount o f   a t t e n t i o n  
i s   b e i n g   d e v o t e d   t o w a r d   d e f i n i n g   t h e   s c i e n t i f i c   o b j e c t i v e s   o f   t h e   m i s s i o n s  and 
exper imental   procedures t o  be fol lowed  dur ing  each  mission.  Exper iments  are  being 
des igned   i n   t he   a reas  of geodesy,  cartography,  geology,  geophysics,  geochemistry, 
astronomy,  bioscience,  atmosphere  measurement,  and p a r t i c l e s  and f i e l d s .  These 
experiments  have, as t h e i r   p r i m e   o b j e c t i v e ,   t h e   s c i e n t i f i c   i n v e s t i g a t i o n  of +he 
I unar   sur face,   sub-sur face,   topography,   magnet ic   f ie lds,   rad i   a t ion and thermal 
envi  ronment,  and  atmosphere. The m a j o r i t y   o f   t h e   e x p e r i m e n t s   c u r r e n t  I y be ing  
designed  place  heavy  emphasis on  a human operator ,   moni tor ,  and dec i s ion  maker t o  
s e l e c t  samples, ident i fy   unforeseen  events ,   deploy  apparatus,   and  observe  inst ru-  
ments  and envi  ronmenta I c o n d i t i o n s  . 
Crew size and  miss ion   dura t ion   var ies  from two men f o r   t h r e e  days  (Extended 
Lunar  Module) t o   s i x  men f o r   s i x  months.   Acfual   mission  planning depends upon 
d e t a i l e d   e n g i n e e r i n g   t h a t  does n o t   y e t   e x i s t .  However, t h e  1967 Summer Study of 
Lunar   Sc ience  and  Explorat ion  a t   Santa  Cruz,   Cal i forn ia   suggests  some p o s s i b l e  
missions. The Alphonsus  Mission  Plan i s  chosen,  although a s h o r t   d u r a t i o n   m i s s i o n  
o f   o n l y   e i g h t  days,  because it e x e m p l i f i e s   t h e   t y p i c a l   m i s s i o n .  

2.2 SGENBBFK OBJECTIVES 

In t h e  summer o f  1965, t h e  Space Sc ience  Board   o f   the   Nat iona l  Academy o f  
Sciences,  meeting a t  Woods Hole,   Massachuset ts ,   formulated  the  bas ic   quest ions 
about   the  moon fo r  which  answers  shoul d be  sought. 

STRUCTURE AND PROCESSES OF THE  LUNAR INTERIOR 

I Is t h e   i n t e r n a l   s t r u c t u r e   o f   t h e  moon rad ia l   l y   symmet r i ca l  I i k e  The ea r th ,  

-~ ~ it have a  crust^?, . 

2 What i s   t h e   g e o m e t r i c  shape OF t h e  moon? How does t h e  shape depar t   f rom f I u i  d 
e q u i l i b r i u m ?  I s  t h e r e  a fundamenta l   d i f ference  in   morphology and h i s t o r y  
between t h e  sub-ear th-and  aver ted  faces  o f   the moon? 

and i f  so, i s  it d i f f e r e n t i a t e d ?   S p e c i f i c a l l y ,  does it have  a  core,  and  does 



3 What i s  t h e   p r e s e n t  i n te rna  I energy   reg ime  o f   the  moon? Speci f i ca l  I y , what 
. _, - 

i s   t h e   p r e s e n t   h e a t   f l o w   a t   t h e   l u n a r   s u r f a c e ,  and  what  are  the  sources of  
t h i s   h e a t ?   I s   t h e  moon s e i s m i c a l l y   a c t i v e ,  and i s   t h e r e   a c t i v e   v o l c a n i s m ?  
Does t h e  moon have an i nterna4 I y produced  magnet i c f i e  I d? 

COMPOSITION,  STRUCTURE AND PROCESSES OF THE  SURFACE 

I What i s   t h e  average  compos i t ion   o f   the   rocks   a t   the   sur face  of  t h e  moon, 
and how does the   compos i t ion   vary  from p lace  t o  p lace :   Are   vo lcan ic   rocks  
present  on t h e   s u r f a c e   o f   t h e  moon? 

2 What a r e   t h e   p r i n c i p a l   p r o c e s s e s   r e s p o n s i b l e  fo r  t h e   p r e s e n t   r e l i e f   o f   t h e  
I unar   sur face? 

3 What i s   t h e   p r e s e n t   t e c t o n i c   p a t t e r n   o n   t h e  moon and d i s t r i b u t i o n  o f  t e c t o n i c  
a c t i v i t y ?  

4 What a re   the   dominant   p rocesses   o f   e ros ion ,   t ranspor t ,  and d e p o s i t i o n   o f  
ma te r i   a l   on   t he  I unar   sur face? 

5 What v o l   a t i   l e   s u b s t a n c e s   a r e   p r e s e n t  on o r   n e a r   t h e   s u r f a c e   o f   t h e  moon o r  
i n  a t r a n s i t o r y  I unar  atmosphere? 

6 I s   t h e r e   e v i  dence f o r   o r g a n i c  o r  proto-organi  c m a t e r i a   I s   o n   o r   n e a r   t h e  I unar  
sur face?  Are I i v ing   o rgan isms   p resen t   benea th   t he   su r face?  

HISTORY OF THE MOON 

What i s   t h e  age of  t h e  moon?  What i s   t h e  range o f  t h e  age o f   s t r a t i g r a p h i c  
u n i t s  on t h e  I unar   sur face,  and  what i s   t h e  age of t h e   o l d e s t   e x p o s e d   m a t e r i   a l ?  
I s  a p r imord ia l   sur face   exposed? 
What i s   t h e   h i   s t o r y   o f  dynami c a l   i n t e r a c t i o n  between t h e   e a r t h  and t h e  moon? 
What i s   t h e   t h e r m a l   h i s t o r y   o f   t h e  moon?  What has  been t h e   d i s t r i b u t i o n  of  
t e c t o n i c  and p o s s i b l e   v o l c a n i c   a c t i v i t y   i n   t i m e ?  
What has  been t h e   f l u x   o f   s o l i d   o b j e c t s   s t r i k i n g   t h e   l u n a r   s u r f a c e   i n   t h e   p a s t ,  
and how has it v a r i e d   w i t h   t i m e ?  
What has  been t h e   f l u x   o f  cosmic   rad ia t i on  and h i g h - e n e r g y   s o l a r   r a d i a t i o n  
o v e r   t h e   h i s t o r y  of  t h e  moon? 
What pas t  magnet i c f i e  I ds may be   reco rded   i n   t he   rocks  on the  moonts  sur face? 
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2.3 ALPHONSUS  MISSION  PLAN 

The f l o o r   o f   t h e   c r a t e r  Alphonsus i n   t h e   c e n t r a l   p a r t   o f   t h e  Moon i s  an area of 
grea t   comp lex i t y  and v a r i e t y ,  as revea led   by   te lescop ic   s tud ies  and photographs 
taken by  Ranger IX and O r b i t e r  IV. Alphonsus  has  about  the same d iameter  as 
Copernicus  (about 90 kml,   but  it lacks   t he   d iagnos t i c   impac t   f ea tu res   t ha t   a re  so 
c lea r l y   ev iden t   a t   Copern i   cus .  I t  may be an 0 1  d, consi  derab  ly  degraded  impact 
s t r u c t u r e   i n   t h e   c e n t r a l   h i g h l a n d s .   O u t c r o p s   i n   t h e   6 0 0 0 - f o o t   c r a t e r   w a l l s  
shou I d y i e  I d d a t a   t h a t  wi I I he Ip   es tab  I i s h   t h e   c r a t e r   o r i g i n  and  add t o   t h e  know- 
ledge o f   h i g h   l a n d   u n i t s  and h i s t o r y .   C r u s t a l   r o c k s   f r o m  a great  depth  below  the 
c r a t e r  may be  exposed i n   t h e   c e n t r a l  peak.  The c e n t r a l   r i d g e  has  been i n t e r p r e t e d  
as vo l can ic   rocks   ex t ruded   a long  a m a j o r   t e c t o n i c   b r e a k   t h a t   c u t s   t h e   n o r t h e r n  
and s o u t h e r n   c r a t e r  wal Is and c o n t i n u e s   f a r   t o   t h e   n o r t h   t h r o u g h   c r a t e r   P t o l e m a e u s .  

A p o l y g o n a l   s e t   o f   f a u l t s  and  g rabens  cu t   the   c ra te r  f 
c r a t e r  wal I s .   C a r k - h a l o e d   c r a t e r s   ( p o s s i b l y   p y r o c l a s t  
a long some o f   the   fau l ts .   Kozyrev   has   observed  poss ib  
t h i s   r e g i o n .   O u t c r o p s   i n   t h e   c r a t e r  wal I s  may inc lude  
d e p o s i t s   t h a t  may cover  a I arge  span o f  I u n a r   h i s t o r y ;  
covered  by  vo i cani c and  impact  craters.  

l o o r  a n d   c o n t i n u e   i n t o   t h e  
i c cones )   a re   d i s t r i bu ted  
l e   v o l a t i l e   e m i s s i o n s   i n  
vo I can i c anc ien t  h i gh I and 
t h e  f I 

The probably  complex  geology makes t h i s   s i t e  a p r i m e   t a r g e t  f 
I aunch, n o t   o n l y   f o r   t h e   s t u d y   o f  I u n a r   h i s t o r y ,   b u t   f o r   t h e  
fundamental  geochemical  and  geophysical  problems. The poss ib 
o f   e f f l u e n t  gases i n   t h e   c r a t e r   i s   e q u a l l y   c h a l l e n g i n g .  

The fo l l ow ing   a re   t he   p r imary   pu rposes   f o r   choos ing   t he   s i t e :  

oor  appears t o  be 

o r  a dual manned 
s tudy  of many 
i I i t y   o f   t h e   e x i s t e n c e  

I .  To make geo log ica l  and  geophysical   observat ions and t o  sample s e l e c t  
a c r a t e r   s i t e   i n  an o l d  h i g h l a n d   r e g i o n   w h i c h   o f f e r s  an optimum comb 
o f   i m p o r t a n t   f e a t u r e s   f o r   e s t a b l i s h i n g  a sequence o f   l una r   geo log i ca  

2. To i n v e s t i g a t e   t h e   e a r l y   s t r a t i g r a p h i c   h i s t o r y  and re la ted   p rocesses  
formed  the  h igh I and  areas. 

i v e l y   i n  
i n a t i o n  
I h i s t o r y .  

t h a t  

3 .  To i n v e s t i g a t e   t h e   Y - r a y  and op t i ca l   env i ronmen ts  for examinat ion of t h e  
Moon as a poss ib le   base   f o r   as t ronomica l   obse rva t i ons .  



The o b j e c t i v e s   a r e  t o  make sample c o l l e c t i o n s  and f i e l d   o b s e r v a t i o n   i n   A l p h o n s u s  

I .  F l o o r  f 

2. The  cen 

3. Dark-ha 

4. Western 

i n   s o r t i e s   o r   g r o u p s  o f  s o r t i e s  and t o  examine  the   fo l   low ing :  

i l l i n g  and i t s  sequence i n   t h e   v i c i n i t y  of  t h e   l a n d  

t r a l - p e a k  and c e n t r a l - r i d g e   r e g i o n .  

l o e d   c r a t e r  and a s s o c i a t e d   s t r u c t u r e s .  

c ra te r -wa l  I s t r u c t u r e  and  exposures o f  .high I and ma 

5. L o c a l   i t i e s  of possi  b le  recent  gaseous  emanations. 

ng s i t e .  

e r i  a l  . 

Also, an o b j e c t i v e   i s  t o  c o o r d i n a t e   t h e   m i s s i o n  by an unmanned/manned s u r f a c e  
v e h i c l e   w i t h   a u t o m a t i c   s e n s i n g   c a p a b i l i t i e s .  The veh ic le   shou ld   accomp l i sh   t he  
f o l l o w i n g :  

I .  Precede a manned miss ion  t o  r e c o n n o i t e r   g e o l o g i c a l   m a t e r i a l s - o f   t h e   w e s t e r n  
c r a t e r   f l o o r  and col lect   uncontaminated  geochemical   and  biological   samples 

2. Prov ide  

3. Furn ish  

4 .  Prov i  de 
t h e   c r a  

5. Emp lace 

p r i o r   t o  a manned landing. 

t e c h n i c a l  and s c i e n t i f i c   i n f o r m a t i o n   f o r   p r e c i s e  

a s t r o n a u t   t r a n s p o r t a t i o n .  

f o l  lowup  reconna issance  o f   the   cen t ra l   r idge  and 

l a n d i n g - s i t e   s e l e c t i o n .  

eas tern  f l o o r   o f  
t e r  wal 1 .  f o r  reconnaissance of  t h e   a d j a c e n t - o l d   h i g h l a n d   r e g i o n .  

pass ive  geophysica l ,   ast ronomy,   par t ic les and f i e l d s ,  and atmospheres 
exper  i ements . 

6. Proceed unmanned across I unar   h igh  I ands t o   t h e  Sabi ne  and R i  t t e r   c r a t e r s .  
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2.4 EXTRAVEHICULAR ACTIVITIES 

On t h e   l u n a r   s u r f a c e   t h e   a s t r o n a u t  w i  I I p e r f o r m   m i s s i o n   o p e r a t i o n s   i n  an env i ron -  
ment  which i s   b o t h   n o v e l ,   i n   t e r m s  o f  e a r t h   s t a n d a r d s ,   a n d   c o n s t r a i n i n g   i n  
te rms of t h e   u t i   l i z a t i o n  of  f u l  I performance  capabi I i t y .  The pr imary  e lements 
o f  t h i s   e n v i  ronment  are  the I u n a r   e n v i r o n m e n t   i t s e l f   a n d   t h e   p r e s s u r e   s u i t .  

Apollo 12 EVA 

8 HOUR EVA 

The biggest  problem,  Astronaut  Char les  (Pete)  Conrad,  Jr .   said,  of  a 
l u n a r   e x c u r s i o n   p e r i o d  ( 4  hours  each) is donning  and t a k i n g  o f f  t h e   s p a c e   s u i t s  
and   po r tab le  I i fe   suppor t   sys tem (PLSS) which  must  be  worn  dur ing  forays away 
from the  lunar   module.   "Doing  the work ou ts tde   i s   easy , "  he sa id .  "Once you 
s t e p  down t h e   l a d d e r  (o f  the  lunar   module t o  t h e   s u r f a c e  of  t h e  moon) you ' re   on  
y o u r  way . If  

C o n r a d   s a i d   h e   i s   i n   f a v o r   o f   u t i l i z i n g   l o n g e r - d u r a t i o n   p o r t a b l e   l i f e   s u p p o r t  
systems  capable of  s u s t a i n i n g  an a s t r o n a u t   o n   t h e  I unar   sur face for  p e r i o d s  of  
up t o  9 h r .  He s a i d  i f  a way can  be  devised t o   " g i v e  a guy a d r i n k  of water  and 
maybe  a shot   o f   food,   he  can s i t  down and  take a l i t t l e   s i e s t a   o u t   t h e r e  f o r  
a h a l f   h o u r   i n   t h e   m i d d l e   o f  it.'' That  way, he  emphasized, an as t ronau t   cou ld  
e a s i   l y  do 8 h r .  of  work on   t he   su r face .  

"The b i g   t h i n g , "  he s a i d ,   " i s   g e t t i n g  it a l l  on  and g e t t i n g   o u t  and g e t t i n g  i t  a l l  
o f f  and p u t t i n g  it a l l  away  when you   ge t   back   i n   ( t he   l una r   modu le ) . "  

LUNAR DUST 

Alan L. Bean s a i d   t h e r e   i s  a ma jor   p rob lem  w i th  moon d i r t   p i c k e d  up by t h e  
as t ronau ts  on t h e i r   c l o t h i n g  and  b rought   back   in to   the   lunar   modu le .   There  was, 
he sa id ,  a tremendous - j u s t  a tremendous - amount o f   d i r t  on o u r   c l o t h i n g  ... 
I t h i n k   t h a t  i f  you  are  go ing t o  work i n  an env i ronmen t   ( l i ke   t he   moon 's )  f o r  
any length  of t ime ,   you ' re   go ing  t o  have t o   t a c k l e   t h i s   p r o b l e m  and  keep i t  
c lean."  

14 



D i r t  was  a bane t o  t h e   a s t r o n a u t s   t h r o u g h o u t   t h e   m i s s i o n .  As Conrad, Bean and 
t h e i r   f e l  low crew member, R ichard  F. Gordon , J r .  , r e t u r n e d   t o   e a r t h   i n   t h e  
command module,  Yankee C l i p p e r ,   t h e y   s t i l l  had d i f f i c u l t i e s   w i t h   t h e   d u s t y  
p a r t i c l e s  of  l u n a r   m a t e r i a l .  They repo r ted  t o  Houston t h a t   t h e y   t r i e d  f o r  days 

. r  
1 t o  f i  l i e r  it o u t   t h r o u g h   t h e  command module 's  environmental   control   system. 

rt) But ,   they   sa id ,   the  amount of  dus t  was such  they  had t o  c lean  the   sc reens  
$ e n t r a p p i n g   t h e   p a r t i c l e s   " e v e r y  2 o r  3 h r . "  A t  one p o i n t  on. t h e   l u n a r   s u r f a c e  
51 they  were so d i r t y ,   t h e y   s a i d ,   t h a t   t h e y   l o o k e d   a s  i f  they   had  been  wa l low ing   in  

powdered  graph i t e .  r i i  
1 COLOR D l  STORT ION 
1 

"One o f   t h e   r e a l   d i f f i c u l t   t h i n g s   a b o u t   t h e   w h o l e  EVA", s a i d  Bean, - " the  
g e o l o g y   p a r t   o f  i t  - was t h e   f a c t   t h a t   t h e r e   d i d n ' t   a p p e a r  t o  be  any d i f f e r e n c e  
i n   t h e  color ( o f )  e i t h e r   r o c k s   o r   t h e   s o i  I .  They a l  I looked  about   the same. The ,I\ f i r s t  day , t o  me t h e y   a l  I I ooked s o r t   o f  a  du I I gray. .  . . I f you I ooked  rea I c lose  

wl maybe y o u   c o u l d   f i n d  a wh i te   rock  now and then  o r  maybe d is t rub   someth ing  and g e t  

!, 

ii:, 
a l i t t l e   d a r k e r   g r a y .   B u t   t h e y  were  gray. 

' :  "The second day we went   out ,   the same t h i n g   t h a t   l o o k e d   g r a y  t o  us t h e   f i r s t  day 
s t a r t e d   l o o k i n g  - a t   l e a s t  t o  me - a so r t  of  brown, dark  brown o r  t a n n i s h  brown. 
I t  was r e a l l y  one o f  t h e   m o s t   i n t e r e s t i n g   t h i n g s  o f  the   l una r   su r face   ope ra t i ons ,  
how  much t h a t   c o l o r  can  change w i t h  a 7 deg. o r  so sun  angle  change ... 

I t  i s go ing  t o  make geology.. . more d i  f f i cu I t than we see it on earth  because 
t h e   c o l o r  cues   jus f   a ren ' t   go ing   to   be   there . . .You  a re   go ing  t o  have t o  look 
f o r  t e x t u r e  and f r a c t u r e  and l u s t e r  and l o t s   o f   o t h e r   t h i n g s   t h a t  w i  I I a id   you  
i n   d e t e r m i n i n g   d i f f e r e n c e s   i n   r o c k s  and minera ls . "  

REDUCED  GRAVITY 

-.. 

Bean had  these comments abou t   h i s   ab i  I i t y   t o  move abou t   t he  moon: 
i 

"You know , the  funny   th ing   about   mov ing   a round  on   the  I unar   sur face  , you  pu t  
on t h i s   p r e s s u r i z e d   s u i t  we wear  and i f  you t r y  t o  do it on  ear th   w i th   even  c lose  
t o  the  weight   you  have  on  your   back  on  the moon...you g e t   t i r e d   v e r y   r a p i d l y  
from t h e   w a l k i n g .  You don ' t   have t o  walk  over, say 200-300 yards,  and  you're 
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ready f o r  a r e s t .   B u t   o n   t h e  moon i n - t h e   l i g h t - g r a v i t y   w i t h   t h e  same s u i t  on  and 
t h e  same weight ,   your   legs  never  seem t o  g e t   t i r e d .  I guess when you  run up t h e  
s i d e  of a steep  s lope  you  could,   but   jus t   running  around  on  leve l   ground,   you 
assume  some k i n d  o f  normal  pace  and  you're  able t o  go f o r  l ong   d i s tances   w i thou t  
y o u r   l e g s   g e t t i n g   t i r e d . "  

EVA SUIT 

Bean continued, "The su i t   doesn ' t   a lways   wan t  t o  bend l i k e  you  want it t o  bend. 
Fo r  examp I e,  you  can  bend p r e t t y  we I I a t   y o u r  knee  and it bends p r e t t y  we I I 
a t   t h e   a n k l e s   b u t  it doesn' t   want t o  bend up n e a r   t h e   t h i g h ,   t h e   t o p  of  t h e  
t h i g h . .  . . I 1  
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EVA Equipment 

t h a t   t h e  
washed ou 
judge a l t  
descent. 

Lunar F l y ing   Un i t s   a re   i n tended   to   i nc rease  
the  ast ronaut 's  mob i I i t y  range, a r a d i  us o f  
5 t o  IO k i lometers  is   expected.  The f l y e r s  
w i I I a l so   g i  ve access t o   s i t e s   n o t  access- 
i b   l e  by su r face   t rave l  . There  are  both  one 
and two man f lyers  being  developed. Some 
prob lems  w i th   the   f l yers   i s   the   poss ib i  I i t y  

lunar   sur face may appear t o  be 
t and f l a t  making i t  d i f f i c u l t   t o  A% 
i t u d e  and 1 and a t  h igh   ra tes  of  

The Lunar  Roving  Vehicle (LRV) i s  
capab le   o f   opera t ing   in  an automatic 
o r  manned  mode. Dur ing  the  automat ic 
mode i t  wi I I t raverse   f rom .one 
m i s s i o n   l o c a t i o n ,   d e p l o y i n g   s c i e n t i f i c  
monitors and p i c k i n g  up surface  samples, 
t o   t h e   n e x t ,   t h e  manned mdde (capab le  
o f   c a r r y i n g  two men). m i g h t   o f f e r  an 
independent l i f e   s u p p o r t  system  (mobile 
laboratory  and Lunex I l l ,  and a m o b i l i t y  
r a d i  us of  up t o  50 km., f rom  the   de l   i ver  
system. 



An as t ronaut  w i I I be ab l e   t o  
f o o t   t r a v e r s e  a maxi mum o f  5 km 
dur ing  a 6 h r .  EVA per iod .  
I t  wi I I be necessary f o r   t w o  
a s t r o n a u t s   t o   c a r r y   t h e   s c i e n -  
t i f i c  equipment. The A p o l l o  
lunar  surface  experiment  pack- 
age contains  hand  equipment 
(scoops hammers samp l e  bags 
core  tubes,   e tc .  1 maps, cameras 
s e i  smi c experiment  equ i pment 
communications  equipment, a 
gravimeter,  a magnetometer, 
and survey  equipment. The two 
ast ronauts wi I I have a maxi- 
mum sample r e t u r n  capab i I i t y  
o f  140 Ibs. 
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2.5 INTRASHELTER  ACTIVITIES 

The p r i m a r y   e n v i r o n m e n t a l   c o n d i t i o n   t l i a t   i s   o f   c m c e r n   w i t h i n   t h e   l u n a r   s h e l t e r .  
i s  r e d u c e d   g r a v i t y  and i t s   e f f e c t s  upon t h e   s h i r t s l e e v e d  crewmen. F ind ings  
reported  by Hewes e t   a l  (1966) a t  Langley  Research  Center   ind icated  that   walk ing 
and running  speeds  shou I d be g r e a t e r   o n   t h e  moon than  ear th   by   approx imate ly  60% 
and t h e s e   a c t i o n s  i nvo  Ive  fewer   s teps.  The s u b j e c t ' s   p o s t u r e  and  appendage 
movements d i f f e r e d  f o r  e a r t h  and  reduced g r a v i t y   c o n d i t i o n s .  The most  comfortable 
l u n a r   g a i t  was found t o  be a lope o f  about IO fee t   pe r   second   wh ich   i s  much 
f a s t e r   t h a n   t h e   n a t u r a l   e a r t h   w a l k i n g   g a i t   o f   a b o u t  4 f e e t   p e r  second. 
L o c o m o t i o n   w i t h i n   t h e   l i m i t s  o f  a s h e l t e r  may prove t o  be d i f f i c u l t ,   t h e  LM 
does not  have  enough  free  volume  for a sh i r t s l e e v e d  crewman t o  walk  about. 

With an expected EVA t i m e   o f   s i x   h o u r s ,   e i g h t e e n   h o u r s   p e r  day remains.  Most 
o f   t h i s   t i m e   i s   s p e n t   i n   g e n e r a l   d a i l y   l i v i n g   a c t i v i t i e s  such as s leep ing ,   ea t ing ,  
and r e s t i n g .  As l una r   sc ience   and   exp lo ra t i on  becomes i n c r e a s i n g l y  more soph- 
i s t i c a t e d  i t  w i  I I be necessary t o  become more s e l e c t   w i t h   t h e  samples  returned. 
The s c i e n t i f i c   t e s t i n g ,   r e c o r d i n g   e q u i p m e n t  and t h e   a s t r o n a u t / s c i e n t i s t   m t i s t  
p a r a l l e l   t h i s   s o p h i s t i c a t i o n .  The s h e l t e r   w i l l   c o n t a i n  a l a b o r a t o r y .  The e n t i r e  
a rea   des ignated   labora tory  w i  I I v a r y   a c c o r d i n g   t o   s c i e n t i f i c   m i s s i o n   o b j e c t i v e s ,  
(Geology,  Geophysics,  Astronomy,  etc.)  the  area  being  explored,  (Marius H i  I Is,  
Copern icus)   and  the  durat ion o f  the   m iss ion .  These  guides w i  I I a l s o   i n f l u e n c e   l - h e  
equ ipment ,   the   opera t ions  and t h e   c h o i c e  o f  s c i e n t i s t - a s t r o n a u t s .  

Some p o r t i o n   o f   t h i s  I SA t i  me must  be  used f o r  s c i e n t i  f i c t a s k s   i n   t h e  she I t e r  
labora tory   a rea .   Typ ica l   tasks  w i  I I be  mapping,  general  observations,  sample 
measurement  and ana lys is ,  and r e c o r d i n g   o f   d a t a .  An example o f  a geo log ica l  
a n a l y s i s  is presented  be low:  

TEXTURAL  ANALYS I S 

A p o l a r i z i n g   m i c r o s c o p e   i s  used i n   t h e   m i n e r a l o g  
fragments for  t h e   i d e n t i f i c a t i o n  o f  m i n e r a l s  and 
I t   i s   t h e   o n l y   e x p e r i m e n t a l   t e c h n i q u e   w h i c h  w i  I I 
mineral   sequence  of   format ion,  and it i s   t h e  mos 
chemical  equi I i b r i um  i n fo rma t ion .  
sc reen ing   rock  samp l e s  wh i ch p o t e n t  
sur face   lunar   p rocesses .  A t e l e v i s  
a l  low t h e  work o f  the   as t ronau ts  on 
based s c i e n t i s t s .  

T e x t u r a l   a n a l y s i s  w i  I I be t h e   b e s t  means 
i a l   l y  can g i v e   d i   r e c t   e v i  dence  as t o   t h e  
i o n  camera mounied i n  t h e   o p t i  c t r a i n  w i  
t h e   r o c k   s e c t   i o n s   t o  be  supplemented  by 

i ca l   s tudy of  rocks  and  rock 
f o r  determi n i ng   rock   tex tu res .  
a l l o w   t h e   d i r e c t   a n a l y s i s   o f  

t d i  r e c t  method fo r  phys i ca I - 
o f  
p re- 

Ear th-  
I I  
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The opt ic   tube,   sample  s tage,   and  suppor t  f o r  aux i l i a ry   equ ipmen t  f o r  t h e  
microscope  should  be b u i l t   i n t o   t h e  LM w a l l s  so t h a t  a smal l  amount of  bench 
space  on e i t h e r   s i d e  of  the   mic roscope  i s   a l lowed  and so t h a t   t h e   a s t r o n a u t  can 
s i t  and view  the  specimen. The o c u l a r   m a g n i f i c a t i o n   p o w e r   s h o u l d  be approx imate ly  
IO w i t h  a c r o s s h a i r  and a m e t r i c - s c a l e   r e t i c l e ;   t h e   o b j e c t i v e   t u r r e t   s h o u l d   h a v e  
a t   l e a s t   t h r e e   p a r f o c a l   o b j e c t i v e s   i n   t h e   r a n g e s   o f  2 t o  3, 6 t o  8, and 40 t o  45 
power. A s e c o n d   c o u p l e d   o c u l a r   t u b e   i s   n e c e s s a r y   f o r   t h e   v i d i c o n  so t h a t  a 
t e l e v i s e d  image o f  w h a t   t h e   a s t r o n a u t   i s   v i e w i n g  can  be o b t a i n e d   a t   a l l   t i m e s .  Two 
I i ght  sources  are  requi  red,  one  be low t h e   s t a g e  and  one  above t h e   s t a g e  fo r  
v e r t i c a l   r e f l e c t e d   i l l u m i n a t i o n .   B o t h   b e l o w -   a n d  above- stage  specimen-analyzer 
p o l a r i z i n g   a t t a c h m e n t s   a r e   r e q u i r e d  and shou ld  be  mounted w i t h   t h e   p a s s   d i r e c t i o n ,  
one nor th -south  and  one  east-west.  The  specimen  stage  shoul d be f r e e   t o   r o t a t e  
c o a x i a l l y   w i t h   t h e   o p t i c   a x i s .  A f ixed  substage  condensing  lens  is   necessary,  
and  d iaphragms  should  be  mounted  on  both  l ight   sources  and  immediate ly   substage.  
A E k r t r a n d   l e n s   i s   o p t i o n a l   b u t   a d v i s a b l e .  

A b inocu la r   m ic roscope can  be  used p r i m a r i l y  t o  augment  hand-lens  information. 
I t  a l l ows  a l i m i t e d  amount o f  work   on   i nd i v idua l   m ine ra l   g ra ins   i n  a rock  sample; 
such  work   inc ludes   phys ica l   charac ter is t i cs  o f  minera ls   and some microchemical 
work. As on t h e   p o l a r i z i n g   m i c r o s c o p e ,   o p t i c   t r a i n   o f   t h e   b i n o c u l a r   m i c r o s c o p e  
shou ld  be b u i l t   i n t o   t h e  LM. 

The m i  croscope  shou I d-. have a t o t a l  magn i f 
i n   f i xed   - i nc remen ts .  The suggested  power 
The m i  croscope  shoul-d  have a sample  stage 
and a movable l i g h t   s o u r c e   i n   o r d e r   t o   i I  
microscope  should  be  combined i n   d e s i g n  w 

i c a t i o n  power of  5 t o  100, v a r i a b l e  
increments  are 5, 25, 50 t o  60, and 100. 
t o  accommodate 4-inch-diameter  specimens 

1 uminate any area o f  t h e  sample. The 
i t h   t h e   p e t r o g r a p h  i c m i  croscope. 
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2.6 SHELTER DESIGNS 

E x i s t i n g  o r  proposed NASA s h e l t e r   c o n f i g u r a t i o n s :  

LUNAR  MODULE 

F o r   s h o r t   d u r a t i o n   m i s s i o n s  some cons ide ra t i on   has  been g i ven  t o  u t i   l i z i n g   t h e  LM 
v e h i c l e  as a lunar   shel ter ,   Extended  Lunar  Module(ELM1. Prob lems  assoc ia ted   w i th  
t h i s  approach  s tem  p r imar i l y  from t h e   f a c t   t h a t   t h e  LM was des igned  as a f l i g h t  
veh ic le ,   a l t hough ,   Apo l l o  12 crewman used hammocks f o r   s l e e p i n g  and p r o v i s i o n s  
f o r  ea t ing ,   d r ink ing ,   and  was te  management a l r e a d y   e x i s t  f o r  t h e   v e h i c l e .  S t i  I I 
l u n a r   d i r t   i s  a prime  problem. 

STAY TIME EXTENSION MODULE 

The Stay  Time  Extension  Module (STEM) i s   d e f i n e d  as a two man she l te r   des igned  
f o r  an 8 day s t a y   t i m e  on t h e   l u n a r   s u r f a c e .  The  system  features an i n t e g r a l  
s h e l t e r - a i r l o c k   s t r u c t u r e   f a b r i c a t e d   o f   p l i a b l e  and  expandable  mater ia l   which  is  
packaged i n  a can is te r   connected  t o  t h e  LM v e h i c l e .  I t   i s  in tended  to   be   dep loyed,  
e rec ted ,  and assemb led  by  one crewman. 

LUNAR  MOB I LE  LABORATORY 

The Lunar Mobi l e   Labora tc ry  (MOLAB) i s  designed f o r  two men t o   d r i v e   a b o u t   t h e  
lunar   sur face ,   per fo rming   labora tory   func t ions   such as r o c k   c o l l e c t i o n  and 
sample  measurement.  Boeing  designed a s h e l t e r / v e h i c l e   w h i c h  was comprised 
o f  a h o r i z o n t a l   c y l i n d e r   w i t h  210 cubic   feet   o f   cabin  vo lume.   Bendix   des igned a 

v e h i c l e   w i t h  a volume o f  452 c u b i c   f e e t .  

I 

s im i  I a r  

LUNEX I 

Lunex I 
minimum 
t h e  veh 

I was  a s i m u l a t i o n   s t u d y   t o   e v a l u a t e   t h e   e f f e c t s   o f  an 18 day, two man, 

i c l e   i n  a sh i   r t s   leeve  env i   ronment .  
volume MOLAB. N i n e t y - s i x   p e r c e n t   o f   e a c h   s u b j e c t ' s   t i m e  was spen t   i ns ide  
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EARLY  LUNAR  SHELTER (ELS) 

The  "base I i ne"   miss ion capab i I i t y  determi  ned fo r  t h e  ELS concept i nvol   ves a two 
man crew f o r  a f i f t y  day l una r   su r face   m iss ion .  A v a r i e t y  o f  a l t e r n a t e   m i s s i o n s  
can  be  accomplished w i t h   t h e   b a s i c  ELS subsystem: 3 man-43 days, 2 man-66 days, 
and 3 man-20 days i n   t r a n s p o r t a b l e  (MOLAB)  mode. 

LUNAR  EXPLORATION  SYSTEMS  FOR  APOLLO (LESA) 

The LESA module i s   fh ree   separa te   compar tments  - a l i v i n g   a r e a ,   l a b o r a t o r y ,  and 
a i r l o c k .  The LESA module i s   i n t e n d e d  fo r  a l o n g   d u r a t i o n   t i m e   o f   s i x   m o n t h s  
w i t h  a crew o f   s i x .  As crew s i z e s   i n c r e a s e  fo r  I u n a r   e x p l o r a t i o n   m i s s i o n ,   t h e  
number o f  modules  would  increase,   creat ing a permanent  lunar  base. 

BEN  FRANKL I N SUBMERS I BLE 

Ob jec t i ves  o f  t h e  Ben F r a n k l i n  were t o  exp lo re   t he   Gu l f s t ream,   geo log i ca l   su rvey ,  
oceanographic measure,  and n a v i g a t i o n  and t r a c k i n g .  The  sub d r i . f t e d  up t h e   N o r t h  
American  East  Coast f o r  30 days   w i th  a crew o f   s i x  men. 

TEKT I TE 

The T e k t i t e   h a b i t a t  was c o n s t r u c t e d   f o r  use  under  water. I t  c o n s i s t s  o f  two 
v e r t i c a l   t a n k s ,   e a c h   d i v i d e d   i n t o   t w o  rooms w i t h  an i n t e r c o n n e c t i n g   t u n n e l  
be tween  the   top   two chambers. One t w o - s t o r y   t a n k   c o n t a i n e d   t h e  command-control 
room on the   upper   deck   w i th   t he  crew quar ters   be low.  The  second  tank  contained 
the   eng ine  room w i t h  a 5 f o o t   c u p o l a   o n   t o p .  The lower  deck  consisted of  the   we t  
I abora tory .  Access t o  t h e   w a t e r  was th rough   the   bo t tom of  the  wet   lab.  . Four 
m a r i n e   s c i e n t i s t s  I i ved  and  worked i n   t h e   s h e l t e r  f o r  60 days. 
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Shelter Designs 

SHELTER 
BEN 

LM ELM STEM LUNEX I I MOLAB  ELS  LESA  FRANKL IN TEKTITE 
__- . 

Dura t i on  36 hrs .  72 hrs.  8 days 18 days 14 days 50 days 3-6 MS. 30 days  60  days 

Crew S i  ze 2 2 2 2 2 2 3-6 6 4 

S c i e n t i f i c  Sample Sample Sample Dr i v ing   Exper i -  100 f t .  Semi Oceano- Marine 

& r e t u r n  8 re tu rn   Nav iga t i on  Sample exper l -  base Invest  i - 
ga t ion  

8 observa- 
t i o n  

.~ ~ . "" . ~~ 

_ _ ~  ~" -~ ~ 

~ ~ ~ ~ . .~  ~ - ~~~~ .~ ~- 

O b j e c t i v e   p i c k  up p i c k  up Se lec t l on   Mon i to r i ng  ments 8 d r i l l  permanent  graphic  Sciences 

Sample Se lec t i on  ments, 

Audio 
Measurement 

Ba I anci ng 

Samp I e 
Se I e c t  i on 

_ _ ~  ~ - . ".. . ~~~ 

ESA Walking  Walking  .5  hrs/man 250 m l /  4.5 h rs /  LRV None 
max. I km max. 2.5 walk ing 14 days day 

km 6.3  hrs/   walk ing 
day EVA 

". ~" ~ ~~ . "_ " ~~~ . . ." 

Vo I ume 4 1 0 f t 3   2 1 0 f t 3   6 2 8 f t 3  
I 15.3f t3   200f t3  

2200f t3 
Free  3296ft3*  1372ft3 
A i r l ock   105 f t3   48 .0 f t3   80 f t3   122 f t3   148 f t3  

~" ". - 

"1421 I i v l n g ,  1875 lab 
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3.0 LUNAR SHELTER  REQUIREMENTS 

n o r d e r  t o  s u s t a i n   t h e   a s t r o n a u t ,   p r o t e c t   h i m  from t h e   r a d i o l o g i c a l ,  
thermal,  and vacuum envi ronment  of  t h e   l u n a r   s u r f a c e ,  and  enable  him t o  
p e r f o r m   m i s s i o n   o p e r a t i o n s   d e s c r i b e d   i n   t h e   p r e c e d i n g   s e c t i o n ,  a l una r  

she- j t r r   must  be ~ p r o i l d e a i   T h e  early- S% i ter,-wh i ch- i s   the   con f igura t ion . . " . " -  
p r o v i d i n g   f o r  a two 
i t y  of  up t o   t h r e e  men 

t o  which t h i s   s t u d y   i s   d i r e c t e d ,   w i l  
man crew f o r  a 28 day m i s s i o n   w i t h  a 
and a m iss ion   du ra t i on  of  90 days. 

The p resen t   s tudy   i s   no t   conce rned  w 

I be  capab l e  of  
growth  capabi I 

i t h   t h e   p h y s i  ca I s t r u c t u r e  o f  t h e  
s h e l t e r   o r   w i t h   t h e   e n g i n e e r i n g   r e q u i   r e m e n t s '   d i c t a t e d   b y   h a b i t a b i  I i t y  
cons ide ra t i ons .   Ra the r ,   t he   s tudy  i s  d i r e c t e d   t o w a r d   d e f i n i n g   g u i d e l i n e s  
f o r   d e s i g n e r s   i n   d e v e l o p i n g   t h e   h a b i t a b i l i t y   s y s t e m .  

The f i r s t   s t e p   i n   g e n e r a t i n g   h a b i t a b i  I i t y  system  design  gui  del  ines i s  to 
e s t a b l   i s h   r e q u i r e m e n t s   f o r   h a b i t a b i  I i t y  and t o   d e s c r i b e   i n f o r m a t i o n ,  
performance,  hardware,  and  volumetr ic  requirements  developed  for   each  funct ion.  
The comp l e t e   s e t  of  requi   rements  assoc i   a ted  wi th   each  funct ion  descr ibes a 
module o f   t h e   h a b i t a b i   I i t y   s y s t e m   s p e c i f i c  t o  each i n d i v i d u a l   f u n c t i o n .  Thus 
a sleep  module i s  i d e n t i f i e d ,  as we1 I as  a r e s t  and r e l a x a t i o n  module,  waste 
e l i m i n a t i o n  module, e t c .  

Fo r   each   o f   t he  modules,  design  gui de I i nes  are deve I oped f rom speci f i c 
requi  rements  by i d e n t i   f y i   n g   f a c t o r s   t o   b e   c o n s i   d e r e d   i n   t h e   d e s i g n   o f   t h e  
module fo r .each of  s e v e r a l   h a b i t a b i   l i t y   c r i t e r i a .  These c r i t e r i a   i n c l u d e  
such  items as module  compartmenta l izat ion,   f ree volume, area  layout /  
ar rangement ,   use  f requency/durat ion,   growth  potent ia l ,   furn ish ings,   equip-  
ment operabi I i t y ,  decor, i I luminat ion,   temperature,   and  noise.  

The g u i d e l i n e s   a r e   d e s c r i b e d   f o r   t h r e e   l e v e l s  o f  e f f e c t i v e n e s s :   s a f e t y ,  
per formance,   and  comfor t .   Safety   gu ide l ines  def ine  the minimum acceptab le  
s tandards wh i l e   t h e   c o m f o r t   l e v e  I desc r ibes   t he  most  des i r a b   l e   c o n d i t i o n s  
i n   t e r m s  of  p s y c h o l o g i c a l   f a c t o r s  and user   p re fe rences .  
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The h a b i t a b i l i t y   s y s t e m   g u i d e l i n e s  wi l l  be  used i n   C h a p t e r  4 as t h e   b a s i s  
f o r  developing  equipment  design,  layout,  and  packaging  concepts. The 
g u i d e l i n e s  and  concepts f o r  i n d i v i d u a l   m o d u l e s   a r e   i n t e g r a t e d   i n   C h a p t e r  5 
wh ich   cons ide rs   requ i remen ts   f o r   t he   en t i re   she l te r ,   and   t hen   p resen ts  

P recommended conce 

3.1 HABITABILITY 

The f i r s t   d i f f i c u  

t s  f o r  t o t a l   s h e l t e r   d e s i g n .  

i n   d e v e l o p i n g   g u i d e l   i n e s  f o r  h a b i t a b i  I i t y  I t y  encountered 
i s   t o  reach an agreed upon, cons 
"hab i t a b  i I i t y " .  

i s t e n t  a n d   c o n c i s e   d e f i n i t i o n  o f  t h e   t e r m  

Fraser  (1968) d e f i n e s   h a b i t a b i   I i t y  as t h e   e q u i   l i b r i u m   s t a t e   r e s u l t i n g   f r o m  
t h e   i n t e r a c t i o n   o f  components i n   t h e  man-machine-mission-environment 
complex,   which  permi t   phys io log ica l   homeostas is ,   per formance,   and  soc ia l  
r e l a t i o n s h i p s .   K u b i s  (1965) d e s c r i b e s   h a b i t a b i l i t y  as t h e  sum o f  i n t e r -  
act ions  between man and  env i ronment   wh ich   ih te rac t ions   inc lude:   phys ica l  
i n t e r a c t i o n s   ( t h e   p h y s i c a l   e n v i r o n m e n t  and i t s   i n t e r r e l a t i o n   w i t h  man), 
p h y s i o l o g i c a l   ( t h e   h o m e o s t a t i c   r e s p o n s e   o f   t h e  man i n   t h e   e n v i r o n m e n t ) ,  
p s y c h o l o g i c a l   ( t h e   e f f e c t s   o f   t h e   e n v i r o n m e n t   o n   p e r f o r m a n c e  and behav io r )  
a n d   s o c i a l   i n t e r a c t i o n s  ( i n t e r p e r s o h a l   r e l a t i o n s ) .  

The present   s tudy  uses an o p e r a t i o n a l   d e f i n i t i o n  o f  h a b i t a b i   l i t y   w h e r e i n  
t h e   t e r m   i s   d e f i n e d  as t h e  sum t o t a l  of  s h e l t e r   d e s i g n   c h a r a c t e r i s t i c s  
p r o v i d e d   t o   e n a b l e  and s u p p o r t   t h e   p e r f o r m a n c e   o f , h a b i t a b i   l i t y   f u n c t i o n s .  
I t  i s   i m p o r t a n t   t o  keep i n   m i n d   t h a t   t h e   o b j e c t i v e   o f   t h e   s t u d y   i s   n o t   t o  
p r o v i d e   s h e l t e r   h a b i t a b i  I i t y   b u t   r a t h e r   g u i d e l   i n e s   f o r   s h e l t e r   d e s i g n  - f o r  
h a b i t a b i l i t y .  

The design fo r  h a b i t a b i   I i t y ,  I i k e   t h e   d e s i g n  fo r  m a i n t a i n a b i   I i t y  and 
operabi  I i t y ,   compr ises  a s p e c i f i c a t i o n   o f   d e s i g n   c h a r a c t e r i s t i c s   w h i c h  
desc r ibe   t he   op t ima  I approach i n   t e r m s  of  sys tems  e f fec t i veness .  Un 1 i ke 
the   des igns  f o r  o p e r a b i l i t y  and m a i n t a i n a b i l i t y ,   h a b i t a b i l i t y   e f f e c t i v e n e s s  
parameters,  measures,  and c r i t e r i a  have y e t   t o  b e   e s t a b l i s h e d .   D e f i n i t i o n  
of  t h e  man-machine i n t e r f a c e   i s  more o r   l e s s   s t r a i g h t f o r w a r d   s i n c e  an 
ample data  base i s   a v a i l a b l e   c o n c e r n i n g   o p t i m a l   d e s i g n   a p p r o a c h e s   f o r   s p e c i f i c  
funct ions.   In   the  development   o f   the  man-envi ronment   in ter face,   the human 
f a c t o r s   s c i e n t i s t  must r e l y  on da ta   wh ich   a re   usua l ly   insu f f i c ien t ,   somet imes 
inapp l i cab le ,   and   occas iona l l y   i nva l i d .  The problem  in   develop ing  approp-  
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ri a t e  hab i t a b  i 
f o r  hab.i t a b  i I i 
degrees o f  hab 
hab i t a b   l e   h a v e  
wh i ch serve  t o  

I i t y   d a t a  on  which t o  b a s e   d e s i g n   d e c i s i o n s   i s   t t i a t   c r i t e r i a  
t y  have  never   been  c lear ly   es tab l   i shed.   Techn iques   fo r   de f in  
i t a b i  I i t y  o r  f o r  even   assess ing   t ha t  a s t r u c t u r e   i s  o r  i s   n o t  
n o t  been  developed.  Consequently,  measures of  h a b i t a b i l i t y  
i s o l a t e   d e f i c i e n c i e s   i n  a proposed  design  and  which  faci l i t a  

t h e   d e c i s i o n   t h a t   t h e   d e s i g n   f o r   h a b i t a b i   l i t y   i s   e f f e c t i v e  o r  op t ima l   a re  
unava i lab le .   Th is   s tudy   a t tempts  t o  p r o v i d e   t h e   h a b i t a b i l i t y   c r i t e r i a  and 
measures f o r   t h e   d e s i g n .  f o r  h a b i t a b i   I . i t y  of  I unar   she1  ters .  

3.2 SHELTER FUNCTIONS 

The Mat r ix   Research   approach  toward   the   des ign   fo r  hab i t a b  i I i t y  p laces 
emphasis on i d e n t i f i c a t i o n  and  development of  requi rements.  Once miss ion  
and  system  requirements  have been def ined,   they  are  used t o  es tab l   i sh  
des ign   gu ide l ines  for the   enc losure  and t o   s e r v e   a s   t h e   c r i t e r i a   , a g a i n s t  
wh ich   a l te rna te   des igns   a re   eva  I uated. The f i r s t  system  requirements t o  
b e   d e v e l o p e d   a r e   f u n c t i o n a l   r e q u i r e m e n t s   o r   s h e l t e r   h a b i t a b i  I i t y   f u n c t i o n s .  
These i n c l u d e   t h e   f o l l o w i n g   a c t i v i t i e s :  

i ng 

t e  

- Nourishment - Rep len ishment   o f   body 's   bu i ld ing   mater ia l  and 
energy  source.  Includes  food and dr ink   p repara t ion ,   con-  
sumpt ion   and  c leanup  ac t i v i t ies .  

Sleep - Area  and  personal   preparat ion,   s leep  state,   and  area 
c I eanup. 

Waste E l i m i n a t i o n  - B io log i ca l   was te  and  housekeeping  trash 
d i  sposa I .  

.~~ Rest and Re laxa t ion  - Non-duty a c t i v i t y   o t h e r   t h a n   s l e e p  
d i r e c t e d   t o w a r d   r e j u v e n a t i o n  of menta l   and  phys ica l   facu l t ies .  

Hygiene - Removal o f   h a r m f u l  o r  unp leasant   b io log ica l   o rgan isms 
o r  chemical compounds. Ma in ta in ing   pe rsona l   c lean l i ness .  

Locomotion - Manual t r a n s l a t i o n   w i t h i n   t h e   s h e l t e r   c o n f i n e s .  

Housekeeping  and  Personal  Equipment  Care - Genera l   c leaning of  
s h e l t e r   i n t e r i o r ,   c l o t h i n g  and  compartments  and  equipment 
repa i r. 

A i r l o c k  - Pressure,   temperature and  atmosphere f a c i  I i t i e s .  
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3.3 RUDIMENTARY  REQUIREMENTS 

Once h a b i t a b i   l i t y   f u n c t i o n s   h a v e  been  de f ined,   the   impor tan t   cons idera t ions  
i n   t e r m s   o f   t h e   i n t e r f a c e   b e t w e e n  man p e r f o r m i n g   t h e   f u n c t i o n  and t h e  
shel ter   env i ronment   must   be  descr ibed.  The i n t e r f a c e   i s   d e s c r i b e d   i n   t e r m s  
o f   t h e   s e n s o r y  modal i t i e s  wh ich   a re   opera t ive  o r  dominent   dur ing   the   conduct  
of a func t i on .  These i n c l u d e   v e s t i b u l a r ,   k i n e s t h e t i c ,   g u s t a t o r y   ( t a s t e ) ,  
o l f a c t o r y   ( s m e l l ) ,   a u d i t o r y ,   t a c t i l e ,  and v i sua l   sensa t ions .  The cons ider -  
a t i o n s   f o r   t h e   i n t e r f a c e   a r e   d e s c r i b e d  as  rudimentray  requirements  and 
compr i se   s i t ua t i ons  where a v a i l a b i l i t y  o f  sensory  cues  should  be  increased, 
decreased, o r   m a i n t a i n e d   a t  a s t a b l e   s t a t e .   F o r   e x a m p l e ,   v i s u a l   s e n s a t i o n  
shou ld  be  decreased f o r   t h e   s l e e p   f u n c t i o n ,  whi l e   f o r   r e s t  . and   re laxa t i on  
v i sua l   sensa t ion   shou ld  be  increased  (sensory  enr ichment)   and  decreased 
( p e r i o d s  o f  r e s t ) .  
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3.4 SPECIFIC  HABlTlBlLlTY REQUIREMENTS FOR  EACH FUNCTION 

Since  des ign f o r  h a b i t a b i  I i t y   i s   o p e r a t i o n a l   l y   d e f i n e d  as t h e  sum t o t a l  
of  s h e l t e r   d e s i g n   c h a r a c t e r i s t i c s   w h i c h   a r e   p r o v i d e d  t o  suppor t  and  enable 
the  per formance o f  hab i tab  i I i t y   f u n c t i o n s  , t h e   n e x t   l o g i c a l   s t e p   i n   i - h e  
development o f   t h e   s h e l i e r   d e s i g n   f o r   h a b i t a b i   I i t y   i s  t o  progress   f rom  func t ions  
t o  d e s i g n   c h a r a c t e r i s t i c s .  An i m p o r t a n t   i n t e r v e n i n g   s t e p   i n   t h i s   p r o g r e s s i o n  
i s   t h e  deve I opment o f  she I t e r  hab i t a b  i I i t y  requ i rements. 

For  each h a b i t a b i   l i t y   f u n c t i o n ,   s u b - f u n c t i o n s  o r  a c t i v i t i e s  which make  up 
t h e   f u n c t i o n  were i d e n t i f i e d .  For each s u b - f u n c t i o n   s p e c i f i c   r e q u i r e m e n t s  
were  developed  which  include: 

I n f o r m a t i o n   r e q u i r e m e n t s   o r   i n f o r m a t i o n  needed t o  complete  the  sub- funct ion 

Performance  requirements o r   cons t ra in ts   on   sub- func t ion   per fo rmance 

Hardware  requirements o r  e n c l o s u r e   c h a r a c t e r i s t i c s   a s s o c i a t e d   w i t h   t h e  
sub- funct ion  which depend  on i n f o r m a t i o n  and  performance  requirements 

Volume con f igu ra t i on   requ i   remen ts  o r  f r e e  volume  needed t o   p e r f o r m  sub- 
f u n c t i o n  and t h e   c o n f i g u r a t i o n  o r  packaging  requirements.  

... 

The sum t o t a l  o f  these   requ i remen ts   f o r  a s p e c i f i c   f u n c t i o n   d e f i n e s  a 
h a b i t a b i  I i t y   a rea . .o r   modu le .   Spec i f i c   requ i rements   fo r   each  hab i tab i  I i t y  
f u n c t i o n   a r e   p r e s e n t e d   i n   t h e   t a b l e s   o n   t h e   f o l l o w i n g   p a g e s .  
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Nourishment 

SUB-FUNCTION  REQUIREMENTS 
INFORMATION 

Enter   a rea   V isua l  cues 

Unstow-unpackage Labe Is 
food and d r l n k  

Prepare   d in ing  
a  rea 

I n s t r u c t i o n s  

Procedures 

Prepare  food 
and d r l n k  

Consume 

Measure i n t a k e  

Package 
remai nder 

Dispose of 
wastes 

Clean up 

equ 1 p m n l  
S tore  

State  o f   preparedness 

Measuring  device-scale 
Procedures 

Procedures 

I n s t r u c t i o n s  

Procedures 

Labe I s  
I n s t r u c t i o n s  

PERFORMANCE 
REQUIREMENTS 

Wa I k-step 

Opening  stowage 
Re t r i eve   f ood -d r lnk  
Unpackage 

Set up tab les-cha i rs -  
utensl  Is-prep  equlpmenl 

Cook-ice-mix-thaw 

Eat -d r ink  

Measure in take  
Record  measure 

Repackage 

Col i e c t  wastes 

Dispose of wastes 
Store  wastes 

Clean  conta iners 
C lean  u tens i l s  

Clean  area 

Restore  equipment 

31 

HARDWARE 

Handrai  Is-door 

Area  In te r faces  
Storage  areas 

Unpackaging  aids 

Tab les -cha i   r s  
Utens i  I s  
Food prep   a ids  

Oven 
Freezer 
Mixer  

Conta i ners 
Utens i I s  

Oevlce and record  

. .  

Containers 

Scrap  co i   lec t   a id  

Disposal   a ids 
Storage of wastes 

Cleaning  agent 

Storage  areas 

VOLUME/ 
CONFIGURAl [h,w,I ( Inches) ]  

- 
Body s i z e  
Stand-step 

75 x 30 x 30 
Stand-s i t  

~~ 

- ~~ 

. .~ ~ 

75 x 50 x 30 
Stand-bend 

75 x 60 x 40 
Stand-reach 

40 x 30 x 30 
s i t  

~" 

~~ 

40 x 30 x 30 
S l t  

.. . . 

40 x 30 x 30 
s i t  

75 x 50 x 30 
Stand-bend 

~- 

Stand-s i t  
75 x 30 x 30 

15 x 60 x 40 
Stand-reach 

~~ 

" 



Sleep 

SUB-FUNCTION  FEQUiREMENTS 
INFORMATION 

-~ - 
~ ~~ 

Enter   area 

PreDare  area 

equipment 
Prepare 

Schedule  Information 
Visual  cues 

. .  

Procedures- ins t ruc t ions  
Equipment  locat ions 
Visual   cues 

~~ . 

Procedures- ins t ruc t ions  
Checkout  information 

Prepare f o r  Procedures 
s leep 

Enter  bed 

" 

" 

Sleep  Heduction  of  sensory  cues 

.- - 

Wake up 
e x i t  bed 

~ ~ 

Nominal o r   c o n t i n g e n c y  

"~ ~ 

Disassemble  Procedures- instruct ions 
s leep  area 

PERFORMANCE 
REQU i REMENTS 

Wai k-step-open  door/ 
c u r t a i n  

Unstow,  deploy,  assemble, 

Move about  area t o  con- 
conf igure ,   ad jus t   equ ip  

f igure  equipment  

Prepare  equipment f o r  use 
V e r i f y   o p e r a t i o n a l  
readiness 

Ac t iva te   con t ingency  and 

Change o r   a d j u s t   c l o t h i n g  
arousal  alarm  systems 

A t tach   and   ac t i va te  
biomedical  sen5ors 
Con t ro l   l i gh t ,   no i se ,  
temperature 
Oep I oy r e s t r a i n t s  
Perform  hygiene 
opera t ions  
Per fo rm  waste   e l im ina t ion  
opera t ions  

ingress t o  bed 
Ad jus t   bed   c lo th ing  
A c t i v a t e   r e s t r a i n t s  

Sleep 

Awaken 
Nominal  egress  from  bed 
Emergency egress  from  bed 
Disconnect biomed  sensors 
D isconnec t   res t ra in t s  

Disassemble  beds 
Rear range  fu rn ish ings  
Deact ivate  a larms 
Stow equipment 
Clean  area 

~. 

HARDWARE 
VOLUME/ 
CONFIGURATION  Ch.w.1 ( inches)]  

" ~ ~ ." - . .  

Accessway-doors o r  
c u r t a i n s  

Body s i z e  

L i g h t i n g  and l i g h t i n g  
Min  access 75 x 30 in.  

c o n t r o l s  
Stand-step 

Handho lds-s tab i l i za t ion  
a i d s  

Stowage conta iners  
Equipment  packages 

S t a b i i i z a t i o n   a i d s  
L i g h t i n g  15 x 50 x 30 

Too I s  

Equipment  includes: Body size  and  reach  bending 
Beds and  bed c l o t h i n g  and 75 x 60 x 40 
rest ra in ts   Stand-reach 
C lo th ing   s to rage  a reas  
System  monitor ing 
d i s p l a y s  
Alarm  systems-caution/ 
warning 

equipment 
B iomed ica l   mon i to r i ng  

L i g h t i n g ,   n o i s e   c o n t r o l  
devices 
Communications  system 
equipment 
Tempera ture   con t ro ls  

i n te r face   w i th   hyg iene  Same as  above 
area  Stand-reach 
In te r face   w i th   was te  
e l i m i n a t i o n   a r e a  
Alarm  systems-auditory 

C lo th ing   s to rage   racks  and 
and v i s u a l  

Biomed  sensors 
Cont ro ls - l igh t ing- temp 
No ise   con t ro l  
Bed 
R e s t r a i n t s  

- .   . .  

~ ~ .. ~~ ~~ - 
Body S ize   bend ing   a t  
w a i s t  

Stand-bend 

~. . ~ ~. .. - 

_ _ _ ~  

. -  ~ 

Bed 
75 x 30 x 30 
Stand ing   ou ts ide   o f  bed 

S e a t e d   u o r i a h t   i n  bed 
40 x 15  x 36 
Tota I 
15  x 60 x 15 
Stand-s l t - rec l ine  

Rec I i ne 
Same as above 

Same as  above 

. .  ~ ~~~ ~ 

Bed 

~ 

Quick  egress bed 
Qu ick   d isconnects   o f  Rec i i ne 
biomed  leads, r e s t r a i n t s  

. .  
Storage  areas 
Packaging o f  equipment 
Cleaning  equipment 

___"_ 
Same as  Prepare  area 
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PERFORMANCE 
REQUIREMENTS 

Access 

C o n t r o l   l i g h t i n g  
P r e p a r e   v e n t i l a t i o n  
Prov ide  for p r i v a c y  

Prepare  recelvers-  
stowage  compartments- 
wipes-cleanup  equipment 
Waste hand I I ng 
Waste d isposa l  

Remove-modlfy c l o t h i n g  

Complete  in ter face 
Secure  in ter face 
M o n i t o r   i n t e r f a c e  

M o n i t o r   i n t e g r i t y   o f  
E l im ina te   was te  

s to rage 
Clean  body 
El iminate  wipes 

App I y   i n te r face  

Measure  output 
Same as  above 

SUB-FUNCTION 

Enter   area 

Prepare  area 

Prepare 
equipment 

A d j u s t   c l o t h i n g  
. .  . 

E l im ina te   feces  
~. - 

Waste Elimination 

~. 

REQUIREMENTS 
I NFOFWAT I ON 

A v a i l a b i l i t y  
. .- 

Procedures 

Procedures 
Feedback 

Procedures 

Procedures 
i n s t r u c t i o n s  
Ind ica t ions   o f   inadequate  

temporary o r  permanent 
i n t e r f a c e - f a u l t y   s t o r a g e -  

Procedures 
I n d i c a t i o n   o f   f a i l u r e  

HARDWARE 
VOLUME/ 
CONFIGURATION  Ch.w.1 ( inches)]  

~. -~ 

Entryway 
~~~ 

Passage s i z e  
Stand 

75 x 50 x.30 
Stand-bend 

.. " 

L i g h t i n g  
V e n t i l a t i o n  
Ooor /cur ta in  

Body-waste e l l m i n a t i o n  75 x 50 x 39 

open i ngs 
interfaces-tubes-bag Stand-bend 

Waste storage-temporary- 
permanent 

Body 1 n te r f   ace  

~ "" 

. .  . ~ 

15 x 50 x 30 
Stand-bend 

~~ ~ 

Body i n t e r f a c e  40 x 30 x 30 
Temporary s to rage  hand l ing  S i t  
equ i pment 
Permanent  storage 
i n t e r f a c e  
Permanent s to rage 
Wipes and  body c leaners  

Same as  above 
Measuring  device 

75 x 50 x 30 
Stand-bend 
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Rest  and Relaxation 

SUB-FUNCT ION REQUIREMENTS 
INFORMATION PERFORMANCE 

REQU I REMENTS HARDWARE 
VOLUME/ 
CONFIGURATION  Lh.w.1 ( inches) ]  

Enter   a rea  
Visual   cues 
Schedule  information  Walk-step-open 

door /cur ta in  
Accessway I l g h t i n g  
c o n t r o l s  
S t a b l i i t y   a i d s  

Body s i z e  
75 x 30 
Stand-step 

I d e n t i f y   R  8 R  Schedules 
a c t i v i t i e s   A v a i l a b l e   a c t i v i t i e s  Whole body 

A c t i v i t y   c o n s t r a i n t s  Seated 
Time t o  per fo rm 
I o r  2 man a c t i v i t y  

Requi rements  for  un- 
Reading 
Games 

scheduled  rest  ' M u s l c / f i  Im 
M i s s i o n   r e l a t e d  
a c t i v i t y - n o t e s ,   f i l i n g  

R e s t   P r o v i s i o n s   f o r   r e s t i n g  Body s i z e  
Bed 
Chai r s   S tand  

75 x 30 x 30 

Re I axa t   i on  I D  markings 

Prepare  area  Procedures- inst ruct ions Unstow  equipment  Equipment  storage 
and equipment  Equipment  location Unpackage  equipment A ids   fo r   dep loyment   o f  78 x 50 x 30 

equ i pment  Stand-walk-bend 

Bending-reaching 

Deploy  equipment 

C o n t r o l   l i g h t i n g ,   n o i s e ,   f o o t   r e s t s  
A r range   fu rn i sh ings   Cha i r   w i th  arm, head, 

tempera ture   Tab le   fo r  games, e t c .  
She I ves 
Con t ro l s :   l i gh t i ng ,  
temperature,  noise 

Rest Scheduled  and  unscheduled Whole-body r e s t   i n  bed  Bed-sleep  function 
r e s t   p e r i o d   c r i t e r i a  

Bed area 

D u r a t i o n   o f   r e s t   p e r i o d  
Seated r e s t   C h a i r  and f o o t   r e s t  

Prov is ions   fo r   mus ic ,   Cha i r   a rea  
75 x 60 x 75 

Impact o f   r e s t  on sub- 
s e q u e n t   a c t i v i t i e s  

movies 75 x 50 x 60 

Re I a x   R e c r e a t i o n a l   a c t i v i t y  
performed 

Dura t ion  of p e r i o d  
Biomedical   data  required 

i o r  2 man a c t i v i t y  

R a R   a c t i v i t y  of t h e  
i n f o   c o n c e r n i n g   t h e   l a s t  

crewman 
Sa fe ty   p rov i s ions  

Disassemble Same as  Prepare  area 
area and equipment 

~~~ 

Read book-view  f i im- 
v ideotape 
Play  games-sedentary  and 
a c t i v e  

M i s s i o n   a c t i v i t y  
I o r  2 p l a y e r s  

Data management 
Laboratory 

Comun i c a t  i ons 
Music 
Exercises 

Gymnastics 

Musc le   cond i t i on ing  
1/6 g   o r i e n t a t i o n  

Attach 
A c t i v a t e  
V e r i f y  

B iomedica l   moni tor ing 

Same as  Prepare  area 
and  equipment 

Games 
Books-f i lm-tape,  etc.  

Sedentary, I o r  2 
p I ayers 

M e n t a l   s k i i i s  
M o t o r   s k i l l s  
Perceptual  s k i  I I s  

Act ive ,  I o r  2 p l a y e r s  
M o t o r   s k i i l s  
t a y   l o r e d   t o   i / 6   g  

Exercise  hardware 
Gymnastics 
Musc le   cond i t i on ing :  

Counter- force 
spr ings  
B i c y c l e   i n   p l a c e  

Biomed mon i to r ing   equ ip  

Sedentary   re laxa t ion :  
Chair   area 
60 x 40 x 30 
Table and s to rage  a rea  
20 x 20 )I 20 
A c t i v e  games: 
Equipment  area 
Body area 
Exercise:  
Body equipment  area 

Biomedical   monitor ing:  
b d y  area on i y 

7.3 X 60 X 50 

Same as  Prepare  area 
and  equipment 

Same as Prepare  area 
and  equipment 
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REQUIREMENTS 
I NFORMT I ON 

Area a v a i l a b i l i t y  
Schedule  information 
Visual   cues 

~. 

PERFORMANCE 
REQUIREMENTS 

VOLUME/ 
CONFIGURATION  [h,w,I ( inches) ]  

83dy s i z e  
Min  access  75 x 30 
Stand-step 

~ .- ~~ 

HARDWARE 

Accass 
Door /cur ta ln  
L i g h t l n g  
L i g h t i n g   c o n t r o l  
Handho lds-s tab i l i za t ion  
a i d s  

~~ ~ 

Walk 
Step 
Open d o o r / c u r t a i n  

Equlpment  locat ions 
Preparat lon  procedures 
Vlsual   cues 
I n s t r u c t i o n s  

E q u i p m e n t   I d e n t i f i c a t i o n  

~. 

~- 

~ 

Body s i z e - b e n d i n g   a t   w a i s t  
75 x 50 x 30 
Stand-bend 

Prepare  area Unstow  equlpment 

Assemble  equipment 
Deploy  equlpment 

~ ~~ 

Arrange  equipment 
Con f igu re   ma te r ia l   f o r  
use 

Storage  conta iners 
Equipment  packages 
L i g h t l n g  

"~ ." 

Prepare 
equ 1 pment 

-~ ~~ ~ 

Prepare body 

Table  area t o   s u p p o r t  
equipment 

~ ~~~~ 

~- 
Cloth ing  temporary 
s to rage 
S o i l e d   c l o t h i n g   s t o r a g e  
Foot   res ts -seats  

Water dispenser,  
conta lner .   d isposal  
Soap and  towel; 

Tub o r  shower 
Hendholds 
Water dispenser-disposal  
Soap and towe ls  

Same as above 
Stand-bend 

~ _ _ _ ~  

Body s i z e  and  reach-bending 
75 x 60 x 40 
Stand-bend-sit 

Procedures Rernove/adjust   c lothing 

~ - 
Perform 
a c t l v l t i e s -  
wash i ng 

Perform 

bathing  whole 
a c t l v i t i e s -  

bodv 

~, ~~ ~ ~ 

. 

Water q u a n t l t y / a v a i i -  
ab i  I i t y  
Water  temperaturn  indi-  
ca t ions-ho t /co ld  

Same as  above 
~~ 

Body s i z e - b e n d l n g   a t   w a i s t  
75 x 50 x 30 
Same as  above 

Wash and d r y  lhands 
and face 

Body s i z e  
Standing 75 x 50 x 40 
S l t t i n g  60 x 40 x 30 
Ly ing  60 x 40 x 30 

Stand-si t-I l e  
Standing envelcpe 75 x 50 x 50 

. 

Wash/rinse/dry  whole 
body 

~~ 

a c t i v i t i e s -  
Perform 

shaving 

M i  r r o r  
Razor 
Towe I s  
Water dispenser-container-  
d i sposa I 

~ -~ ~ 

.. . . ~ 

Water  dispenser-disposal 
Tooth  brush- tooth  c leaner  

C h a i r  for seated  tasks 
C I i ppers 
Ear  c leaners 
Foot  powders-cleaners 

F i r s t   A i d   k i t  
L igh t ing-spec ia l  
Layout  area-equipment 
Layout   area-Fat ient  
Special  equipment-heat 
lamps, s p l i n t s  

. .  

. . . 

.. . ~ ~- 
A c c e s s i b i l i t y  of a i i  
areas 

M i r r o r  image 
Water q u a n t i t y /  
a v a i l a b i l i t y  
Water temp I n d l c a t i o n -  
h o r / c o l d  
Q u e n t i t i e s  o f  expendables 

Same as above 
... . . 

Shave 
Lather 

Wash/dry face 

Standing 75 x 36 x 33 
Stand 

. . 

Perform 
a c t i v i t i e s -  
t e e t h   c a r e  

Perform 
a c t i v i t i e s -  
h a l r - n a i   I - e a r  
foo t   ca re  

Perform 
a c t i v i t i e s -  
F i r s t   A i d  

~ ~ 

~~~ ~~ ~ 

~ " . 

Tooth  brush/cleaner 
use 

C l i p   h a i r - n a i l s  
Cican  ears-fee: 

. ~ 

Same as above 
Stand 

.. 
Same as  above 
S i t t i n g  60 x 40 X 3G 
S i  t -s tand 

~ -~ ~ ~- 

. "" . ~ ~ ~" 

Two crew members 
A .  One standing-bending-sittilg 
B. One s l t ? i r , g ,   l y i ng   p rone  
A. 75 x 50 x 30 

Procedures 

Equipment  locat ion 
Procedures 
D iagnost ics  

Prepare  equipnlent 
P repare   pa t i en t  
T rea t   f o r   bu rns ,  
wounds, f rac tu res ,  

pa ins ,   v i rus ,   co lds  
i l l n e s s .  nausea. 

Access  areas t o  be cleaned 
Clean  areas 
V e r i f y   c l e a n i n g  

~- .. " 

8. 60 x 15 x 30 
75 x125 x 60 

Stand-si t- I i e  two men 

Standing,  bending,  reaching 
75 x 40 x 40 
Stand-bend 

- 

Clean  area/ 
equipment 

- ~ .. . . - 

Clean ing   mthod-  
Locat ions t o  be  cleaned 

Water q u a n t l t i e s / a v a i I -  
procedures 

a b i l i t y  
CleanTng  utensi ls-agents 
L i g h t i n g  

Storage  areas 
Packages 
L i g h t l n g  

Temporary s t o r a g e   f o r  
c l o t h i n g  
S n l l e d   c l o t h l n g   c o n t a i n e r  

~ ~~~~ ~" 

~~ 

~ ~~ ~ . 

". . ~ 

Reconf i g u r e  
a  rea 

A d j u s t  
c l o t h i n g  

- 

Store  equ i prr.enl 
Disassemble 

~~ - 
Oon/ad jus t   c lo th ing  

75 x 50 x 30 
Stand-bend 

.~ 

~ 

75 x 60 x 40 
Stand-bend 

O r l g l n a l   c o n f i g u r a t i o n  
procedures 

Donning  procedures 
" . ~ 
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Locomotion 

SUB-FUNCTION  REQUIREMEWS 
INFORMATION PERFORMANCE 

REQUIREMENTS HARDWARE 
VOLUME/ 
CONFIGURATION Lh.w.1 ( Inches)]  

P r e p a r e   f o r  Procedures 
I ocomot i on I n tended   des t i na t i on  

Determine  route  Equipment   carry ing  a ids 75 x 60 x 40 
Ident i f y   s teps   a long  S tand- reach 
r o u t e  

c a r r i e d  
Iden t i f y   equ ipmen t   t o   be  

C o n t r o l   l i g h t i n g  
__- 

Move through  V isual   cues  Avoid  obstac les 
she l te r   Car ry   equ ipment  

~~ 

L i g h t i n g   c o n t r o l s  15 x 40 passage 
Handra i I s  

Cont ro l  I i g h t i n g   S t a b i l i z a t i o n   a i d s  
Walk 

Terminate V i s u a l  cues 
locomotion 

i d e n t i f y   d e s t i n a t i o n  
Unload  equipment 

Access nay 
Storage  compartments 

15 x 60 x 40 
Stand-reach 

Store  equipment 
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I 

Housekeeping  and  Personal 

SUB-FUNCTION 

Enter   area 

Prepare  area 

Checkout  equip. 

~- 
Per fo rm  func t ion  

.. ~ 

- .  

Stow equ ip .  

E x i t   a r e a  

." 

REQUIREMENTS 
INFORMATION 

Area  locat ion  (prev ious 
t r a i n i n g  - l a b e l s )  

Operat ional   procedures 
f o r   p r e p a r a t i o n   ( p r e -  

checkout   l is ts ,   manuals)  
v i o u s   t r a i n i n g   l a b e l s ,  

Operational  procedures 
f o r  equipment  checkout 

manuals, e tc .  1 
( t r a i n i n g ,   l a b e l s ,  

Operational  procedures 

ance ( t r a i n i n s  manuals, 
fo r   func t ion   per fo r rn -  

. . .~ ~ 

. . .  ~. 

Equipment Care 

REQUIREMENTS 
PERFORMANCE 

Locomotion 

Environmental   control  

equipment 
( l igh t ,   heat ,   sound)   Erec t  

.. 

AdJus t i ng ,   t es t i ng  
and c a l i b r a t i n g  

Task  dependent 
~ -. .. 

c h e c k l i s t s ,   l a b e l s )  

Stowage l o c a t i o n  and 
procedures   ( t ra in ing ,  

Disassemble,  carry, i i f t ,  
i n s e r t  

c h e c k l i s t s ,   l a b e l s )  

E x i t   p a t h   ( p r e v i o u s  
t r a i n i n g )  

~~ ." " "_ ~ 

. .  " - "" ~~ .. 

Locomotion 

~~ ~ .. - 

HARDWARE 
VOLUME/ 
CONFIGURATION [h,w,I ( inches) ]  

"~ . ~ " - -. 
Entryway 
Handholds 

Environmental   controls.  75 x 50 x 50 
task  associated  prep. 
hardware,  tools,  work 

Stand-bend-extend 

bench, seat  

Equipment  checkout 
hardware,  workbench, 

75 x 50 x 50 

sea t ,   t oo l s  
Stand-sit-bend-extend 

75 x 30 x passage length  
Stand-walk 
~" 

- 

.~ 

Primary  funct ion  equip 75 x 50 x 50 
support  equip,  workbench  Stand-sit-bend-extend 
seat  

Lockers,  shelves, t o o l s ,  75 x 50 x 50 
workbench,  seat Stand-sit-bend-extend 

~~~~ 

~ - ~ _____" .. . 
Entryway 75 x 30 x passage  length 
Handholds Stand-walk 

. ". 
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Airlock 

SUB-FUNCTION  REQUIREMENTS 
i NFORVAT I ON PERFOWANCE 

REQUIREMENTS  HARDWARE 
VOLUME/ 
CONFIGURATION [h,w,I ( inches) ]  

~ ~ ~ _ _ _ ~ ~  ~ ~ 

Open A i r l ock /   Loca t ion   o f   l ock ing   Grasp ing .   tw i s t i ng ,   Lock  mechanism, door,  
She l te r   Door  mechanism d procedure   f o r   push ing ,   pu l l i ng  

75 x 30 x 30 
stand handho I ds 

o p e n i n g   ( l a b e l i n g )  la tch  and  door  

Ingress   He igh t   o f   s tep  and  body Translat ion  through  Hatch,  handholds 
A i r l ock   i l ea rance   ( v i sua l   f eed -   en t r yway  

75 x 30 x 30 

back) 

C lose   A i r lock /   Locat ion   o f   lock   Grasp ing ,   tw is t ing ,   Lock  mechanism, 
S h e l t e r  Door mechanism 8 procedure   fo r   push ing ,   pu l l ing  

75 x 30 x 30 

s e c u r i n g   ( l a b e l i n g )  
handholds,   door  stand 

Prepare  Locat ion,   preparat ion Unstow s u i t .  
Equipmnt  procedures  (manuals,   prepare PLSS, 

checkout   l i s ts ,   labe ls   checkout  PLSS 
8 p r e v i o u s   t r a i n i n g )  

Locat ion  6 o p e r a t i o n a l   P u t  on and  secure  Handholds,  bench, 75 x 50 x 50 
procedures f o r  neces-   Sui t   shelves 6 specia l ized  s tand-extene 
sary  z ippers,   buck les,  
snaDs. connectors .   e tc .  

su i t   suppor t   hardware  

Hangers,  shelves, 75 x 50 x 50 
checkout  gear stand-extend 

Don S u i t  
_ _ _ _ _ _ ~ .  - 

Don PLSS 
t r a i n i n g  and l a b e l i n g )  a d j u s t  s t r a p s  
Same as above (p rev ious  Mount backpack,  Handholds,  shelf, 

s p e c i a l i z e d  PLSS 
support  hardware 

75 x 50 x 50 
stand-extend 

Pressur ize  
S u i t  

Checkout  Sui t  

~" 

Depressur ize 
A i r l o c k  

Locat ion 8 o p e r a t i o n a l   i n i t i a t e   p r e s s u r i z a t i o n ,   C o n t r o l s  and 
procedures f o r   s u i t   m o n i t o r   s u i t   p r e s s -  
p r e s s u r i z a t i o n ,  con- 

d i s p l a y s  
u r i z a t i o n  

t r o i s  and  d isp lays  

75 Y 30 x 30 

Same as  above  (manuals, Check f l a p s  - 
checkout   l i s ts ,   labe l -   open ings  - pressures 

Valves,  gauges,  con- 7 5  x 50 x 70 
ductors,   etc.   stand-exter ld 

i n q .   p r e v i o u s   t r a i n i n s  

procedures f o r   p r e s -  
Locat ion  8 operat ional   Perform  purge  oper-   Valves,  gauges 

a t i o n s ,   v e r i f y   s u i t  

d isp lays ,  8 checkout 
s u r i z a t i o n   c o n t r o l s .   p r e s s u r i z a t i o n  

hardware  (manuals,  labels 
B p r e v i o u s   t r a i n i n g )  

75 x 30 x 30 

Outs ide  Door procedures   fo r  door 
Open A i r l o c k /   L o c a t i o n  d operat ional   Grasping,   tw is t ing,   Lock mechanism, door 75 x 30 x 30 

p u s h i n g ,   p u i i i n g  
l a t c h  and door l o c k   ( l a b e l   i n s )  

stand 

~ ~ ~ ~ ~~~ 

Eg ress   A i r l ock   He igh t  of s t e p  body 

v isual   feedback)  
c l e a r a n c e   ( d i r e c t  

~- 
Close   A i r l ock /  Locat ion B Operat ional  
Outside Door procedures   fo r   door  

l o c k   ( l a b e l i n g )  

Step  through 

way edges  wh i le   t rans-  
8 a v o i d   s t r i k i n g   e n t r y -  

i a t i n g   t h r o u g h  

Grasping,   turn ing,  
pushing,  pui  I i n g  
l a t c h  and door 

~~ " 

Hatch,  handholds 
~~ 

75 x M x 30 
stand 

Lock mechanism, door 
s tand 
75 x 30 x 30 

Open 4 i r i o r K f  Same as  above Same as above  Lock  mechanism, door 15 x 30 x 30 
Outside Door stand 

ing ress   A i r l ock   He igh t   o f   s tep  8 bc.dy Step  through and 
~~ ~ ~ ~~ 

c l e a r a n c e s   ( d i r e c t  a v o i d   s t r i k i n g   e n t r y w a y  
v isual   feedback)  edges   wh i l e   t rans la t i ng  

Hatch,  handholds 

through 

~~ 

75 x 50 x 30 
s tand 
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Airlock (cont.) 

SUB-FUNCT I ON 

C l o s e   A i r l o c k /  
Outside  Door 

.~ ~ ~ " 

A i r i o c k  
Pressur ize  

." " . " 

Doff   Su i t  d 
PLSS 

Clean 8 Store  
Equipment 

- .  . .  

~ ~ 

Open A i r l o c k /  
She I t e r  Door 

Egress 
She l f e r  

C lose   A i r l ock /  
She I t e r  Door 

- . 

REQUIREMENTS 
INFORMATION 

Locat ion  d opera t iona l  
p rocedures   fo r   door   lock  
( d i r e c t   v i s u a l   f e e d b a c k )  

procedures f o r   p r e s s u r -  
Locat ion  d o p e r a t i o n a l  

l z a t i o n   c o n t r o l s ,   d i s -  
p l a y s  d checkout  hardware 
(manuals,   checkl ists,  
l a b e l s ,   p r e v i o u s   t r a i n i n g )  

Locat ion  d o p e r a t i o n   o f  
necessary  buckles,  snaps, 
e t c .   ( p r e v i o u s   t r a i n i n g ,  
l a b e l i n g )  

Locat ion  8 o p e r a t i o n  
procedure   o f   c lean ing  
hardware  (manuals,  check- 
l i s t s ,   ' l abe l i ng ,   p rev ious  
t r a i n i n g )  

Loca t ion   o f  lock 8 un- 

( l a b e l i n g )  
lock ing   p rocedure  

c l e a r a n c e   ( d i r e c t  
He igh t   o f   s tep  6 body 

visual   feedback) 

Locat ion   o f   lock  8 

~ ~ ~ ~ ~ 

". 

~ - 

. ." 

" -~ ~ ~ 

". ~ - . .  ~ 

l ock ing   p rocedure  
( l a b e l i n g )  
"" ~ "" 

PERFORMANCE 
REQUIREMENTS 

Grasp ing ,   tw is t ing ,  
p u s h i n g ,   p u l i i n g  
l a t c h  and door 

opera t lons  
A i r l o c k   p r e s s u r i z a t i o n  

Remove s u i t  and 
PLSS 

I d e n t i f y   c l e a n i n g  
requ i remnts ,   per fo rm 
c l e a n i n g ,   s t o r e   s u i t  
and PLSS 

.~ 

Grasp ing ,   tw is t ing ,  
push ing .   pu l l i ng  
l a t c h  and door 

Trans la t ion   th rough 
opening 

Grasp ing ,   tw is t ing ,  
push ing ,   pu l i i ng  
l a t c h  and door 

.~ 

.. ~ ~ 

VOLUME/ 
HARDWARE  CONFIGURATION [h,w,I ( inches) ]  

" 

Lock mechanism, door 75 x 30 x 30 
stand 

~- ~~~ 

P ressur iza t ion   hardware  75 x 30 x 30 
(valves,  gauges, e t c . )  s tand 

P r e s s u r e   s u i t ,  PLSS, 
benches,  handholds  stand-sit-extend 

75 x 50 x 50 
__ 

Hangers,  shelves,  clean- 15 x 50 x 50 

s u i t   d r y e r s ,   e t c .  
ing  apparatus,   lockers,   stand-extend 

- 

Lock  release 8 door 75 x 30 x 30 
stand 

" - ___" 

Hatch,  handholds 
~- ~ . 

75 x 30 x 30 
stand 

~~ . . - 
Lock  release 6 door 75 x 30 x 30 

stand 
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3.5 HABlTlBlLlTY CRITERIA 

Hav ing   de f ined  the   requ i rements  f o r  h a b i t a b i  I i t y  f o r  each   f unc t i on ,   t he  
n e x t   s t e p   i s   t o   d e v e l o p   h a b i t a b i   I i t y   c r i t e r i a   o r   f e a t u r e s  of  t h e   s h e l t e r  
design  which  are  developed from the   requ i remen ts .  The h a b i t a b i   I i t y   c r i t e r i a  
themse lves   compr i se   t he   impor tan t   cha rac te r i s t i cs   o f   each   modu le   f o r   wh ich  
des ign   gu ide l ines  wil l be  developed i n   t h e   f o l l o w i n g   s e c t i o n .  

The h a b i t a b i   I i t y   c r i t e r i a   a r e   c l a s s i f i e d   a c c o r d i n g   t o   t h o s e   a s s o c i a t e d  
w i t h   t h e   c o n f i g u r a t i o n ,   m a t e r i a l s  and the  env i ronment .   For   each  c lass,  
t h e   c r i t e r i a   a r e :  

o C r i t e r i a   a s s o c i a t e d   w i t h   c o n f i g u r a t i o n  

- f r e e   v o l  ume 
- compar tmenta l i za t ion  
- I ayout  arrangement 
- use f requency /dura t ion  
- g rowth   po ten t i  a1 

o C r i t e r i a   a s s o c i a t e d   w i t h   m a t e r i a l s  

- f u r n i s h i n g s  
- equ i pment operab i I i t y  
- decor 

o C r i t e r i a   a s s o c i a t e d   w i t h   t h e   e n v i r o n m e n t  

- i I I uminat ion 
- temperature/humi   d i ty  
- no ise  

Each c r i t e r i a   i s   d e s c r i b e d  and  discussed  on  the f o l  low ing  pages o f   t h i s  
s e c t i o n .  
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Configuration 

FREE  VOLUME 

One o f  t h e  'more impor tan t   cons i   de ra t i ons   i n   t he   de te rm i   na t i on  of  I unar  she I t e r  
h a b i t a b i l i t y   r e q u i r e m e n t s   i s   t h e   f r e e  volume  needed  by t h e  crew f o r  o f f  du ty  
and l i v i n g   a c t i v i t i e s .  The p r i m a r y   e f f e c t   o n   t h e  man of i n s u f f i c i e n t   f r e e  
volume i s   ove rcon f inemen t .  As presented  by  Davenport  e t   a l   ( 1 9 6 3 )   o v e r c o n -  
f i n e m e n t   a d v e r s e l y   a f f e c t s  human performance i n   t h r e e   d i m e n s i o n s :   t h e  
phys i ca l ,   phys io log i ca l ,   and   psycho log ica l .  The p r i m a r y   p h y s i c a l   e f f e c t   i s  
a reduc t i on  o f  t h e  mobi l i t y  e n v e l o p e   w h i c h   r e s t r i c t s  man's man ipu la t i ve  and 
c o n t r o l   c a p a b i l i t y .  The m a i n   p h y s i o l o g i c a l   e f f e c t   o f   o v e r c o n f i n e m e n t   i s  
phys ica l   debi  I i t a t i o n  such as ca rd iovascu la r  anomal i e s  and  muscle  atrophy. 
P s y c h o l o g i c a l   e f f e c t s   o f   o v e r c o n f i n e m e n t   i n c l u d e   a n x i e t y ,   w i t h d r a w a l ,  
aggress ion,   depress ion,   and  perceptual   problems  (ha1  luc inat ions) .  

I t  has   been  genera l l y   agreed  tha t   the   p r imary   de terminers  o f  f r e e  volume 
are   c rew  s ize ,   m iss ion   dura t ion ,  and  crew a c t i v i t i e s .  Severa'l i n v e s t i g a t i o n s  
have  been  conducted  where  volunteers  have  been  confined  in an e n c l o s u r e   o f  
f i x e d  volume  and  measures of  perceptual-motor  performance and b iomedica l  
s ta tus   over   t ime  have  been  recorded.  Those s tud ies   conducted  f o r  o r b i t a l  
s p a c e c r a f t  app I i c a t   i o n s  (Manned  Orb i t  i ng  Laboratory ,   ear  I y space   s ta t i on  1, 
f o r   m i s s i o n s  of  30 days  and  two man crews,  have recommended f r e e   v o l  umes 
ranging  f rom  90 t o  260 c u b i c   f e e t   p e r  man. The average  o f   these  es t imates  
i s  about 150 cu.  ft./man  which i n   f a c t  was t h e   f r e e  volume recommended f o r  
t h e  MOL i n  an ana ly t i ca l   s tudy   pe r fo rmed  by Matr ix   Research.  

One prob lem w i t h   t h e   e s t i m a t e s   o f   f r e e  vo I ume fo r  spacecra f t ,  as i de f rom  the  
w i d e   v a r i a t i o n   i n  recommended q u a n t i t i e s ,  i s  t h a t  crew a c t i v i t i e s   a r e   u s u a l l y  
not   cons i   dered.  The operat ions  per formed  by crewmen i n  a compartment o r  
enc losu re ,   w i th   t he   du ra t i on   o f   occupancy  and  number of  men s imu l taneous ly  
i nhab i t i ng   t he   a rea ,   compr i se   t he   mos t   impor tan t   de te rm ine rs   o f   requ i red  
f r e e  volume. I n  an a t tempt  t o  d e f i n e   f r e e  volume  requirements f o r  d i f f e r e n t  
a c t i v i t i e s ,   D a v e n p o r t   e t   a l   ( 1 9 6 3 )  recommended t h e  f o l  lowing  volumes f o r  a 
t h r e e  man crew  and a t h  i r t y  day miss ion :  
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Act i v i   t y   F r e e  Volume (cu.ft../man) 

Ma i ntenance 
Spec ia l   m iss ion   opera t ions  
Crew persona l   opera t ions  
Locomotion  and  access 
S I eep/p ri vacy 
Average 

30 
60 
70 
50 
25 

I12  

Est imates of  f r e e  volume d e r i v e d  from o r b i t a l   m i s s i o n   s i m u l a t i o n   s t u d i e s   a r e  
n o t   d i r e c t l y   a p p l i c a b l e   t o   l u n a r   s h e l t e r   d e s i g n   s i n c e   i n   o r b i t a l   f l i g h t   t h e  
crew members a re   con f ined  t o  t h e   i n t e r i o r   o f   t h e   v e h i c l e  fo r  a lmos t   a l  I 
o f   t h e   m i s s i o n   t i m e ,   e x c e p t   f o r   i n f r e q u e n t   a n d   r e l a t i v e l y   b r i e f   e x t r a -  
v e h i c u l a r   e x c u r s i o n s .  On t h e  moon a s i g n i f i c a n t   p o r t i o n   o f   t h e  crewman's 
day w i I I be s p e n t   e x t e r n a l   t o   t h e   s h e   I t e r   e x p  I o r i   n g   t h e  I unar   sur face  and 
r e t r i e v i n g  samples .   S ince   the   lunar   as t ronaut  w i  I I t h e r e f o r e   i n h a b i t   h i s  
s h e l t e r   f o r   l e s s   t i m e   t h a n   h i s   o r b i t a l   c o u n t e r p a r t ,  and s i n c e  he wi I I a l s o  
be a f f o r d e d   t h e   o p p o r t u n i t y   f o r   e x e r c i s e  and exper ienc ing .  a v a r i e d   v i s u a l  
scene,  he w i l l   r e q u i r e   l e s s   f r e e  volume i n   h i s   e n c l o s u r e   t h e n   t h a t   e s t i m a t e d  
f o r   o r b i t a l   o p e r a t i o n s .  

S tud ies   wh ich   shou ld   app rox ima te   t he   l una r   she l te r   cond i t i ons   i nc lude  
submersible  missions  where crewmen e g r e s s   t h e   v e h i c l e   t o   p e r f o r m   u n d e r w a t e r  
ope ra t i ons  and a c t u a l   s i m u l a t i o n   i n v e s t i g a t i o n s   o f   l u n a r   s h e l t e r   m i s s i o n s .  
Submers ib le   s tud ies   wh ich   eva lua ted   con f inement   inc lude  the   c ru ise   o f   the  
Ben Frank1 i n  and T e k t i t e  I w h i l e  one o f   t h e   v e r y  few c a r e f u l l y   c o n t r o l   l e d  
l u n a r   s i m u l a t i o n   s t u d i e s  was t h e  Lunex I 1   i n v e s t i g a t i o n   c o n d u c t e d  by  Honeywell 
i n  1966. T h i s   l a t t e r   s t u d y   h a d   t w o  men c o n f i n e d   f o r  18 days i n  a s imu la ted  
mobi l e  I unar   laboratory   which  prov ided  58  cubic   feet /man.  One ha1 f hour  
each day was s p e n t   o u t s i  de t h e  veh i c l e   s i  mu I a t i   n g  I una r   exp   l o ra t   i on .  

Resu I t s   r e p o r t e d  f rom t h e s e   i n v e s t i g a t i o n s   a g r e e   t h a t  a mot ivated  crew can 
a c c o m p l i s h   t h e   s p e c i f i c   m i s s i o n   i n   c o n f i n e d   q u a r t e r s   w i t h o u t   s i g n i f i c a n t  
degradat ions  in   per formance o r  b iomed ica l   s ta tus .  Such f i n d i n g s   h a v e .   l e d  
some i n v e s t i g a t o r s   t o   c o n c l u d e   t h a t   " f o r   m o d e r a t e   p e r i o d s   c o n f i n e m e n t  does 
n o t   c o n t r i b u t e   d i r e c t l y  t o  any pe rcep t ib le   dec remen t   i n   t he   pe r fo rmance   o f  
complex  tasks"  (Davenport e t   a l  pg. I I ) .  Such conc lus ions   cou ld   eas i   l y   l ead  
a she l te r   des ign   eng inee r  t o  c o n c l u d e   a )   t h a t   t h e   5 8  cu.  f t . /man  f ree 
volume p r o v i d e d   i n  Lunex was e q u a l l y  as e f f e c t i v e  as the   app rox ima te l y  
200  cu.  ft./man  volume o f  t h e  Ben F r a n k l i n  and b )   t h a t ,   g i v e n  a mo t i va ted  
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cre.w, p r o v i d i n g   m i n i m a l   f r e e   v o l u m e   ( a t   l e a s t  down t o  58  cu.  ft./man) 
presents  no  problems fo r  t h e  crew. 

I n   s p i t e  o f  r e p o r t s  o f  I i t t l e   o r  n o   e f f e c t   o f   t h e   c o n f i n e m e n t   r e s u l t i n g  from 
a v a i l a b l e  vo lume,   adverse  e f fects   were  observed  in   severa l   submers ib le  
and  s imu la ted   lunar   m iss ions .   These  e f fec ts   usua l ly   compr ised  p rob lems  in  
i n t e r p e r s o n a l   r e l a t i o n s  and  crew i n t e g r a t i o n .   I n   p o s t   m i s s i o n   d e b r i e f i n g s ,  
t h e  crew of  t h e  Ben Frankl in   even  compla ined  o f   the  inadequate  f ree  space 
prov ided  them  and  the  lack o f  p r ivacy .   Prob lems  there fore  do e x i s t  and t h e  
po ten t i a l   impac t  of  such d i f f i c u l t i e s  on   f u tu re   l una r   she l te r   m iss ions   has  
y e t   t o  be  determined. 

Other   p rob lems  ident i f ied   in   con f inement   s tud ies   such as those  descr ibed 
above a r e   t h a t  few i f  any i n v e s t i g a t i o n s   i n c l u d e   f r e e  volume  as an indep- 
enden t   va r iab le  and t h a t   t h e   m e a s u r i n g   i n s t r u m e n t s  seem t o  be i n s e n s i t i v e  
t o   t h e   s o c i a l   c o n f l i c t s  and p s y c h o l o g i c a l   d i f f i c u l t i e s   o b s e r v e d   i n   t h e   s t u d i e s .  

I n   t he   p resen t   s tudy   t he   app roach   t aken   i n   de te rm in ing   f ree  volume es t ima tes  
i s  t o  deve lop   requ i   remen ts   a t   t h ree   l eve  I s; those  which  impact crewman s a f e t y ,  
performance,  and comfort. A t  t h e   s a f e t y   l e v e l   d e t e r m i n a t i o n   i s  made of  t h e  
f r e e  volume  necessary t o  ensure   sa fe   comple t ion  o f  a l l  nominal  and  contingency 
o p e r a t i o n s   f o r   e a c h   h a b i t a b i l i t y   f u n c t i o n .  A t  the   per fo rmance  leve l   the  
volume r e q u i r e d  f o r  successfu l   complet ion of  m i s s i o n   a c t i v i t i e s   i s   d e f i n e d .  
A t  t he   comfo r t   l eve l  an e s t i m a t e   i s  made of t h e  volume  which i s   s u f f i c i e n t   t o  
p revent   the   occur rence  o f   psycho log ica l   s t resses   such as f e e l   i n g s   o f   c o n f i n e -  
ment  and i s o l a t i o n .  These l e v e l s   a r e   d e v e l o p e d   f o r  each h a b i t a b i   l i t y   f u n c t i o n  
b y   c o n s i d e r i n g   t h e   a c t i v i t i e s   c o m p r i s i n g  a f u n c t i o n  and t h e   d u r a t i o n  and 
frequency of  per fo r rn i   ng   the   func t ion .  

COMPARTMENTALIZATION 

When a l  1 f u n c t i o n s   t o  be c o n d u c t e d   w i t h i n   t h e   s h e   I t e r  have  been i d e n t i f i e d ,  
r e q u i r e m e n t s   f o r   s e g r e g a t i n g   c e r t a i n   a c t i v i t i e s   m u s t  be es tab l i shed .  To 
da te   these  requ i rements   have  been  d ic ta ted   a lmost   to ta l l y  by eng ineer ing  
cons i d e r a t i o n s   w i t h   n o   r e a  I i n v e s t i g a t i o n   o f  crewman needs i n terms of  
p r i vacy ,   soc ia l   i n te rac t i ons ,   l ocomot ion   e t c .  The p resen t   s tudy   a t tempts  
t o  develop  shel ter   packaging  concepts  based  pr imari ly  on  crew  requirements.  
These requ i rements   a re   p resented   in   th ree   leve ls ,   sa fe ty ,   ‘per fo rmance,  and 
comf o rt . 

43 



Safe ty   requ i rements  t o  be  considered f o r  compar tmenta l i za t ion   inc lude:  

Ease of  emergency   eg ress   f rom  the   she l te r :   I nc lus ion  o f  wal I s  and 
p a r t i t i o n s  must   not  impede  crewman escape  f rom  the  enc losure.  

Ease o f  l o c o m o t i o n :   L o c o m o t i o n   w i t h i n   t h e   s h e l t e r   c o u l d   p r o v e   d i f f i c u l t  
i n   t h e  one-s i x t h   g r a v i t y  o f  t h e  moon and  shoul d t h e r e f o r e  be k e p t  t o  a 
minimum. 

Ease o f  communication: Use of  w a l l s  and p a r t i t i o n s   s h o u l d   n o t   i n t e r f e r e  
w i th   recep t ion   o f   ve rba l   warn ings   i n   emergenc ies .  

Performance  requ i rements i n c l  ude: 

E f f e c t i v e  use o f  ava i l ab le   space :  Wal I s  p rov ide   a reas   f o r   t empora ry  
s to rage  o f   equ ipment .  

Cont ro l   o f   locomot ion :  Wal I s  c o m p r i s i n g   c o r r i d o r s   s e r v e   t o   c o n f i n e   t h e  
crewman w h i l e  he i s   t r a n s l a t i n g .  

Con t ro l   o f   l i gh t i ng   and   no i se :   W i th   seve ra l   compar tmen ts   l i gh t i ng   can  
be c o n t r o l l e d   f o r  each  which i s   n o t   p o s s i b l e   i n  a s ingle  compartment.  

Comfort  requ i rements i nc  I ude: 

Needs fo r  p r i v a c y :   P s y c h o l o g i c a l   s t r e s s   i s   r e d u c e d  i f  a crewman . i s   a b l e  
t o  be   a lone   f o r  some p e r i o d   o f   t i m e   d u r i n g   t h e  day. 

Needs f o r   s o c i a l   i n t e r a c t i o n :   P r o v i s i o n s   s h o u l d  be made f o r   s p e n d i n g  
some o f f   d u t y  time w i t h   o t h e r  crewmen. 

Avoidance of  f e e l i n g s  of  confinement and i s o l a t i o n :  The s h e l t e r   d e s i g n  
and the  miss ion  schedule  should  cons ider   conf inement   problems.   Feel ings  o f  
i s o l a t i o n  can  be o f f s e t   i n   p a r t  b y   p r o v i d i n g   v a r i e d   v i s u a l   s t i m u l a t i o n   w i t h  
d i f f e r e n t   f u n c t i o n s ,  an approach  which i s   d i f f i c u l t   i n   s i n g l e  compartment 
she I t e r s .  

The prob lems wh i ch e x i s t  fo r  f r e e   v o l  ume a r e   t h e  same f o r  compartmental i z a t i o n .  
Q u a n t i f i c a t i o n   o f   t h e  crew  requirements  based  on  empir ical  data i s   i m p o s s i b l e .  
I d e n t i f i c a t i o n   o f   s p e c i f i c   p r o b l e m s   i t s e l f   i s   d i f f i c u l t .  The r e p o r t  on t h e  
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c r u i s e  of  t h e  Ben F rank l i n   conc ludes   t ha t ,  f o r  t h e  30 day miss ion  and s i x  
man crew, b o t h   p r i v a c y   a n d   t h e   s e p a r a t i o n  of  ac t iv i t y   a reas   were   inadequate .  
These conc lus ions   p robab ly   were   ex t rac ted  from crew member op in ions   and 
comments. The  Lunex 1 1  two-man crew f e l t   t h a t   t h e  58 cub ic   fee t /man  s ing le  
compartment   avai lab le t o  them f o r   t h e i r  18 day conf inement  study was adequate. 
The two man crews o f  the   lunar   modu le  on b o t h   A p o l l o  X I  and X I 1  expressed 
op in ions   t ha t   t he   s ing le   compar tmen t   f ree  volume a v a i l a b l e  t o  them f o r  a 
s t a y  o f  l ess   t han  24 hours was d e f i n i t e l y   n o t  adequate. A method o f   d e f i n i n g ,  
measuring,  and  scal  ing  degrees of  "adequacy" of  c o m p a r t m e n t a l i z a t i o n   i s  
c l e a r l y   r e q u i r e d .  

LAYOUT  ARRANGEMENT 

Layout  arrangement of  t h e   s h e l t e r   r e f e r s  t o  c o n s i d e r a t i o n s   o f   i n t e r r e l a t i o n -  
sh ips   o f   separa te   a reas  and i n t e g r a t i o n   o f   e q u i p m e n t   w i t h i n  a speci f i c area. 
The requi   rements  associated  wi th  layout  arrangement  include  the  need t o  
reduce  locomotion, t o  ensure  ease  of   equipment  accessabi l i ty ,   and t o  p r o v i d e  
f o r   f l e x i b i  I i t y   o f  equipment   layout   such  that  a  crewman i s   g i v e n  some freedom 
i n   m o d i f y i n g  an ex is t ing   a r rangement .  

While i t  i s   c l o s e l y   a s s o c i a t e d   w i t h   c o m p a r t m e n t a l i z a t i o n ,   t h e   l a y o u t  
arrangement c r i t e r i o n   s h o u l d   a s s i s t   i n   d e t e r m i n i n g  where t o  l o c a t e   f u n c t i o n a l  
areas o r  modules w i t h i n   t h e   s h e l t e r  and how d i f f e r e n t   a r e a s   a r e   i n t e r r e l a t e d .  
In   the  development  of  each  module t h e   c r i t e r i o n  produce 's   gu ide l ines   in  
terms of  packaging o f  equipment,   storage  areas,  and  working  areas. 

USE FREQUENCY/DURATION 

In   cons ide r ing   t he   requ i remen ts  f o r  s h e l t e r   h a b i t a b i  I i t y   t h e   t i m e   s p e n t  
each  func t ion  and f requency   o f   per fo rming   func t ion   must  be s p e c i f i e d .  
genera l ,   a reas   wh ich   a re   occup ied   fo r   longer   dura t ions   o r   w i th   g rea ter  
o c c u r r i n g   f r e q u e n c i e s   s h o u l d   r e c e i v e  more a t t e n t i o n .  The es t ima tes  o f  
durat ion  and  f requency made fo r  each func t iona l   modu le   serve  as the   bas  
f o r  d e v e l o p i n g   t h e   ' i n t e g r a t e d  crew m i s s i o n   t i m e  I ines.  The t i m e  I i ne   rep  

a t  
I n  

i s  
resents  

one of  t h e   e s s e n t  i a I s t e p s   i n   i n t e g r a t i n g   m o d u l e s  i n t o  a comp l e t e  she I t e r  
concept. 

Fac to rs   wh ich   a f fec t  use f requency /dura t ion  o f  separa te  modules i n c l u d e   t h e  
f o l l o w i n g :  
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B i o l o g i c a l  needs  and d iu rna l   cyc les .   There  i s  a wea l th  o f  ev idence t o  
i n d i c a t e   t h a t  man usua l l y   e l im ina tes   was te  3 t o  4 t imes a day and 
pe r fo rms   bes t  when p r o v i d e d   w i t h   a t   l e a s t   s i x   h o u r s  of  u n i n t e r r u p t e d  
s l e e p   i n  a 24 hour   pe r iod .  

Work/rest   cycles.  To ensure  adequate  performance  and  safety  dur ing 
l o n g   p e r i o d s   o f   s u s t a i n e d   e x e r t i o n   f r e q u e n t   r e s t   p e r i o d s   s h o u l d   b e  
i n t e r s p e r s e d   i n   t h e  work schedule. 

Past   exper ience.   Schedules  dur ing  lunar   miss ions  should  genera l   ly  
conform t o  schedules  which  the  ast ronauts  are  accustomed  to ,   such  as 
th ree   mea ls  a day, one s l e e p   p e r i o d  a day,  and  one  moderate t o  long 
p e r i o d  of  ac tua l  work pe r  day. 

. .. . -~ . 

GROWTH POTENTIAL 

W h i l e   t h e   s h e l t e r   u n d e r   c o n s i d e r a t i o n   i n   t h i s   s t u d y   i s   s i z e d   p r i m a r i   l y   f o r  
a two man 28 day miss ion,  it must  be  capable o f  e n c l o s i n g  an a d d i t i o n a l  
crewman f o r   p e r i o d s  up t o  a  maximum of  90 days. The f i r s t  i m p a c t   o f   t h   i s  
growth capab i I i t y  i s  on   f ree   vo l  ume s i  nce an i n c r e a s e   i n   c r e w   s i z e   o r  
miss ion   dura t ion   must   inc rease  vo lumet r ic   requ i rements .  

Materials 

FURNISHINGS 

Furn ish   ings   requ i   red   fo r   each  func t iona l  modu l e  must  be  designed f o r   t h e  
1/6 g r a v i t a t i o n a l   f i e l d  o f  t h e  moon and  must r e q u i r e  minimum  space f o r  
storage,  deployment, and ac tua l  use. Cons ide ra t i on  o f  t h e   g r a v i t y  con- 
s t r a i n t   l e d  t o  t h e  recommendation t h a t   a l l  beds  be  des igned  such  that   s leeping 
sur faces   a re   no   h igher   than 18 inches   f rom  the   f loor .   Furn ish ings   were  
a l s o   e v a l u a t e d   t o   i d e n t i f y   t e c h n i q u e s   o f   m u l t i p l e  use  wherein  the same 
phys i ca l  component i s  used i n   d i f f e r e n t  ways f o r   d i f f e r e n t   a c t i v i t i e s ,  
t h e r e b y   r e d u c i n g   t h e   t o t a l   v o l  ume requ i   red  by  equipment  requi  red f o r  each 
h a b i t a b i l i t y   f u n c t i o n .  

An equipment l i s t   i s   p r e s e n t e d   w i t h  e a c h   f u n c t i o n .   T h i s   l i s t   i d e n t i f i e s  
the  genera l   equipment   type  and  not  a speci  f i  c equipment  i tem.  Character- 
i s t i c s   o f   e q u i p m e n t   a r e   d e s c r i b e d   i n   t a b l e  3 f o r  each   f unc t i on  f o r  t h e  
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l e v e l s  o f  sa fe ty ,   per fo rmance,   and  comfor t .   Sa fe ty   fac to rs   inc lude  po ten t ia - l  
hazards  assoc iated  wi th   equipment   and  furn ish ings.   Per formance  factors  
i nc lude   cons ide ra t i on  o f  equipment  design  which  should  enhance  performance. 
C o m f o r t   c h a r a c t e r i s t i c s  i n c l  ude aspects  o f  f u r n i s h  i ngs wh i ch  shou I d 'reduce 
the   occur rence  and 

EQUIPMENT  OPERABIL I 

O p e r a b i l i t y  i s   d e f  
a ted  by men i n  a s 

i 
i 

i p&nt  operab i 1 i 
ipment  which i n t  
ined  by t h e   a c t i  
I d   i n c l u d e :  

e f f e c t  of  s t resses .  

TY 

- 

ned  as the  degree t o  which a design  concept  can  be  oper- 
mple,  safe,  and t i m e l y  manner. F o r   t h e   l u n a r   s h e l t e r  
t y  cons i   de ra t   i ons   a re   impor tan t  f o r  t h e   d e s i g n   o f  
e r f a c e s   w i t h  man. The na tu re  o f  t h i s   i n t e r f a c e   i s  
v i t i e s   p e r f o r m e d  by man wi th   the  equipment ,   which 

Unstowage 
Assemb I y 
Set   up/preparat ion 
Dep I oyment 
Cal i b r a t i o n  - adjustment  
Checkout 
Ac t  i v a t  i on 
Use 
D e a d  i v a t  i on 
D i  sassemb I y 
Stowage 

Requi   rements  assoc iated  wi th   each  act iv i ty   which  impact   des ign  o f   equipment  
must  be s p e c i f i e d .  Where poss ib le   the   requ i rements   wh ich  can  be i d e n t i f i e d  
based  on e x i s t i n g   k n o w l e d g e   a r e   d e f i n e d   i n   t h i s   s t u d y .  

DECOR 

The decor o f  t h e   s h e l t e r   i n c l u d e s   s u c h   c h a r a c t e r i s t i c s  as  pai.nt schemes and 
m a t e r i a l s   p r o v i d e d   f o r   d e c o r a t i v e   p u r p o s e s .  The importance o f  decor i s   t o  
p r o v i d e   v a r i e d   v i s u a l   s t i m u l a t i o n   i n   d i f f e r e n t   a r e a s  of  t h e   s h e l t e r .  

Perceptua l   p rob lems  observed  in   con f inement   s tud ies   a re   usua l   l y   a t t r ibu ted  
t o  sensory   depr iva t ion .  As stated  by  Davenpor t  et a I ( 1963) t h e  des i g- 
n a t i o n   ' s e n s o r y   d e p r i v a t i o n '   i s   a c t u a l   l y  a misnomer  and a b e t t e r   d e s c r i p t i o n  
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wou I d be  sensory  invar iance.  According t o  these  authors,  it i s  reasonab l e  t o  
e x p e c t   t h a t   p e r c e p t u a l   a b e r r a t i o n s   e x p e r i e n c e d   d u r i n g   p e r i o d s  of sensory 
i nva r iance   wou ld   be   e l im ina ted   by   p rov id ing   senso ry   en r i chmen t .   Th i s  
s e n s o r y   e n r i c h m e n t   i s   t h e   o b j e c t i v e  of  t h e   s h e l t e r   d e c o r .  As i s   t h e  case 
of f r e e   v o l   m e ,  it i s   n o t  as impor tan t  f o r  I unar  she I t e r s  as f o r   o r b i t a l  
space  veh ic les   s ince  I unar  based  astrcrnauts do spend some p o r t i o n   o f  each 
day o u t s i d e   t h e   s h e l t e r   o n   t h e   l u n a r   s u r f a c e  where t h e   v i s u a l   f i e l d   i s ,  i f  
n o t   e n r i c h i n g ,   a t   l e a s t   d i f f e r e n t  from t h a t   e x p e r i e n c e d   i n   t h e   s h e l t e r .  

- . . . .. . 

Environment 

I LLUM I NAT I ON 

The most  important 
i s   t h e   a r t i f i c i a l  

de terminer  of  t h e   v i s u a l   e n v i r o n m e n t  
i l l u m i n a t i o n   a v a i l a b l e .  The s h e l t e r  

of s h e l t e r   i n t e r i o r  
i n   a l  I probabi  I i t y  

w i  I I n o t   i n c l u d e  windows t o   p r o v i d e   s o l a r  i I l um ina t ion  o r  e a r t h   s h i n e  as 
a l i g h t i n g   s o u r c e   s i n c e   s u c h  an approach   wou ld   seve re l y   cons t ra in   t he  
o r i e n t a t i o n  and  emplacement o f   t h e   s h e l t e r   s t r u c t u r e .   I m p o r t a n t   c a n s i d e r -  
a t i o n s   f o r   s h e l t e r   l i g h t i n g   i n c l u d e   t h e   f o l l o w i n g :  

Adequate  general i I I umi nat   ion  must   be  prov i  ded fo r   locomot ion   about  
t h e   s h e l t e r  a n d   g r o s s   a c t i v i t i e s   s u c h  as equipment  deployment. 

S u f f i c i e n t   d i r e c t e d   o r   l o c a l i z e d  i I luminat ion  must  be d e l i v e r e d  t o  
work  sur faces  and  areas  where  the  percept ion  o f   deta i  I i s   r e q u i r e d .  

The s p e c t r a l   c o m p o s i t i o n   o f   t h e   l i g h t i n g   m u s t   n o t   i n t e r f e r e   w i t h  
de tec t i on   o f .   co lo r   coded   a la rm  i nd i ca to rs  and w i t h   a d a p t a t i o n   l e v e l s  
w h i l e   e x t e r i o r  t o  t h e   s h e l t e r .  

The l i g h t i n g  must be l o c a t e d   t o   a v o i d   p e r f o r m a n c e   d e g r a d a t i o n s  due t o  
g la re   and  non u n i f o r m i t y   o f   b r i g h t n e s s   l e v e l s .  

The l ights   themselves  must   be  des igned t o  e n s u r e   t h e i r   a c c e s s i b i l i t y  
f o r  maintenance. They must   a lso  be  designed t o   a v o i d   b r e a k a g e   i n   t h e  
e v e n t   o f   t h e i r   b e i n g   c o n t a c t e d   b y   t h e   a s t r o n a u t ' s   b o d y .  

The f i e l d   o f   i l l u m i n a t i o n  o f  each l i g h t  must  be  as l a rge  as p o s s i b l e  
t o  m i n i m i z e   t h e   t o t a l  number of l i g h t s   r e q u i r e d   w h i l e   a t   t h e  same t i m e  
e n s u r i n g   u n i f o r m   i l l u m i n a t i o n   o f   s h e l t e r   s u r f a c e s .  
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Back-up l i g h t i n g  systems  must  be  provided f o r  t h e   s i t u a t i o n  of  power 
f a i   l u r e   o r   p r i m a r y  I i g h t i n g   s y s t e m   f a i   l u r e .  

L i  gh 
each 
con d 

L i  gh 
she I 

t 

i 

t 
t 

i ng   con t ro l s   mus t   t ake  
func t i on   (m in ima l  f o r  s 
t i o n s   ( i . e . ,   s i t u a t i o n s  

ing  must  be  considered 

i n t o   a c c o u n t   t h e  I i g h t   l e v e  I s  requ i   red  for  
leep)   and  those  requ i red   fo r  emergency 
r e q u i   r i n g   r a p i  d egress f rom t h e  she1 t e r )  . 

i n   t h e  deve  lopment of requi  rements f o r  
e r -deco r ,   she l te r   f u rn i sh ings ,   and   equ ipmen t   ope rab i  I i t y .  

TEMPERATURE/HUMIDITY 

An impor tan t   de terminer  o f  crew comfor t  and  even  crew  performance i n  
conf ined  a reas   i s   the   ambien t   tempera ture .  One o f   t h e  crew  complaints 
repo r ted  f o r  t h e  Ben Frank1 i n   m i s s i o n  was t h a t   t e m p e r a t u r e  and humid i t y  
of  t h e   v e s s e l   i n t e r i o r  was too extreme f o r  crew  comfort. 

Whenever  opt'imum temperature  leve ls   are  be ing  spec i f ied,   humid. i ty   ext remes 
must   a lso  be  descr ibed.   Usual ly   humid i ty  does no t   p resent   p rob lems i f  
m a i n t a i n e d   w i t h i n  30 t o  70 percent .   Tempera tures   a t   leve ls  where  adapta- 
t i o n   i s   n o t   c o m p l e t e   u s u a l l y   c r e a t e   p r o b l e m s  f o r  c o m f o r t   f i r s t  and f o r  
pe r fo rmance   on l y   a f te r  some p e r i o d  o f  t i m e   o r  i f  l e v e l s  become more 
extreme.  Even a t   l e v e l s  where on ly   comfor t   i s   supposed ly   a f fec ted ,   temper -  
a ture  impacts   per formance  s ince i t  seems t o   d i s t r a c t   t h e  crewman's a t t e n t i o n  
f r o m   t h e   t a s k   a t   h a n d .  

. 

I n   t e r m s   o f  human response t o  tempera ture   two  types  of temperature  can be 
ident i f ied :   the   ambien t   tempera ture   wh ich   compr ises   the   genera l   env i ronment  
o f   t h e  man; and su r face   t empera tu re   wh ich   a f fec ts  man o n l y  when he touches 
a p h y s i c a l   o b j e c t .   S u r f a c e   t e m p e r a t u r e   i n   t h e   s h e l t e r  w i  I I p robab ly   no t  
pose much of  a p rob lem  g iben   t ha t  wal I s  w h i c h   e n c l o s e   t h e   i n t e r i o r  of  t h e  
s t ruc tu re   f rom  the   ex te rna l   tempera ture   ex t remes  a re   des igned t o  impar t  a 
temperature t o   t h e   t o u c h   w h i c h   i s   w i t h i n   t h e  I i m i t s   o f   t h e   a m b i e n t   t e m p e r a t u r e .  
Amb ien t   t empera tu res   i n   t he   she l te r   mus t   be   un i fo rm  , t h roughou t   t he   i n te r i o r  
and  must  be  contro I I ab l e ,   w i t h  i n I i m i  t s ,  t o  meet requi  rements f o r  t h e  
comfort of  t h e  crew. 
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NO I SE 

I t   i s   n o t   c l e a r   a t   t h i s   t i m e   j u s t  what t h e   n o i s e   l e v e l s   w i t h i n   t h e   s h e l t e r  
w i l l  be o r  what w i l l  be the   p r imary   no ise   sources .  Maximum l e v e l s  o f  no i se  
i n t e n s i t y   a r e   s p e c i f i e d  f o r  e a c h   h a b i t a b i   I i t y   f u n c t i o n   w h i c h   a r e   s e l e c t e d  
t o  avo id  damage t o  t h e   e a r ,   a n d   p r e v e n t   i n t e r f e r e n c e   i n   t h e   r e c e p t i o n  o f  
verbal  communications  and  warning  tones. Means o f  c o n t r o l  I i n g   n o i s e   a r e  
a l s o   d e s c r i b e d   i n   t h i s   r e p o r t   w h i c h   i n c l u d e   i s o l a t i o n  o f  sources and  sound 
p r o o f i n g   o f   a r e a s  where leve ls   should  be  min imal   (s leep  modules) .  

3.6 DESIGN GUIDELINES FOR EACH MODULE 

Module  design  guidel ines  were  developed for  each   f unc t i on   by   o rde r ing  
requi rements f o r  each h a b i t a b i l i t y   c r i t e r i o n  measure a l o n g   t h r e e   l e v e l s  of  
e f fec t i veness :   sa fe ty ,   per fo rmance,  and comfor t .   Safety   compr ises  des ign 
g u i d e l i n e s   e s s e n t i a l   t o   p r o t e c t   a s t r o n a u t   l i f e  and phys ica l   we l l -be ing .  
Pe r fo rmance   i nc ludes   t he   gu ide1   i nes   requ i red   t o   f ac i  I i t a t e   h i s   p e r f o r m a n c e  
o f   h a b i t a b i l i t y   o r   m i s s i o n   f u n c t i o n s .   C o m f o r t   i n c l u d e s   t h e   d e s i g n   f e a t u r e s  
w h i c h   m i n i m i z e   t h e   p r o b a b i l i t y  of s t r e s s   a c t i n g   o n   t h e   a s t r o n a u t .   S t r e s s  
he re   imp l i es   psycho log ica l ,   phys io log i ca l ,  and p h y s i c a l   s t r e s s .  

Des ign   gu ide l ines   a re   p resented  on t h e   f o l l o w i n g  pages f o r  each h a b i t a b i l i t y  
modu le .   These  gu ide l ines   essent ia l l y   inc lude recommended design  approaches 
t o  s a t i s f y   r e q u i r e m e n t s   a s s o c i a t e d   w i t h   s p e c i f i c   h a b i t a b i   l i t y   c r i t e r i a  f o r  
each  module.  Whenever p o s s i b l e   t h e   g u i d e l i n e s   a r e   e x p r e s s e d   i n   q u a n t i t a t i v e  
terms and, where   numer ica l   l im i ts   a re  no+ a v a i l a b l e  o r  a p p r o p r i a t e ,   i n  
d e s c r i   p t  i ve t e x t .  
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Nourishment 

."  
~ 

AREA CHARACTERISTICS 

Compartmental izat ion 

vo I ume 

Layout  arrangerrent 

Use-frequency/ 
d u r a t i o n  

G r o r t h   p o t e n t l a l  

.. ~ ~ 

Equipment 
operab i i i t y  

Decor 

~ .. 
I i l u m i n a t i o n  

- ~. .. 

Temperature 

Noise 
- - 

SAFETY  PERFORMANCE 

~~ . 
~ ~ 

Serves t o   c o n t a i n   f i r e s .  
Shou ld   no t  hamper qulck egress. 

81 x 50 x M or 42 ft3/man. 

Area l a i d   o u t   f o r   r a p i d   e g r e s s .  Two rren d ine   s lmu l tanoous iy   to  

. ~ ~ _ _  
Provides wal i s   t o   s u p p o r t   e q u i p -  

ment-tab  les-storage  areas. 
~~~ ~" . - 

~~ 

81 x 60 x 40 o r  113 ft3/man. 
-~ _.-_____ .. 

reduce  set-upfclean-up  t l rre. 
~- ". 

~ ~~ 

A t   l e a s t  once a day. 

~~ ~~ 

.. ~ ~~ ~ ~ . .  -~ 
Non abras ive-cu t t ing-break ing .  
Designed  not  t o   t r i p  crewman 

o r  t o  t i p   o v e r .  

. .  ~ 

Reduce chances of  f i r e ,   e l e c t r i c  
shock,  abrasions, use o f  non- 

N o n - f r a c t u r i n g   m t e r i a l s   s h o u l d  
d i g e s t i b l e   m a t e r i a l s ,   b u r n s .  

High-temperature  areas  should  be 
be  used. 

enclosed. 

- . ~ "- 

Non-f lamable  mater ia ls .  
- -~ ". ~ ~~~ 

~ " " "_ ~ - 
I n d i r e c t   l i g h t i n g .  
W h i t e   l i g h t i n g   t o   a v o i d  confus lon 

A t  l e a s t  IO f t  c .  

55O t o  80° F. 

Max i n l e n s i t y  120 db. 

i n   read ing   co lo r   codes .  

. ~~ 

~. 

.. . 

Three  t inas/24  hours - M minutes 

_ _ ~ _ _ .  
per   pe r lod .  

C m s l d e r   f a b r l c a t i n g  s c m  

f u r n l s h i n g s   f r o m   e d i b l e  
func t i ona l   equ lp ren t /  

m a t e r i a l .  

T a b l e   f o r   e a t i n g ,   d r i n k l n g .  
P l a t f o r m   t o   h o l d   u t e n s i  Is ,  

Heat lng   a rea   t o   hea t   f ood .  
s to rage  conta lners .  

Storage  areas  for  equipment. 

Chair-bench-soat. 
food  wastes. 

F w d   p r e p a r a t l o n   s h o u l d   b e  quick, 
simple,  w i t h  minimal  steps. 
Mix ing ,   b lend ing ,   e tc . ,  m m -  

ex ten t   poss ib le .  
p l e t e d   p r i o r   t o   f l i g h t   t o   t h e  

. . ~ 

~ ___ 
Color   cod ing   fo r   s to rage  a reas .  

- ~" 

10 - 30 f t  c v a r i a b l e .  

~. 
General l e v ~ l  less  than 50 db. 

CCMFORT 

~ .~~ 

P r o v l d e s   d i f f e r o n t   v i s u a l   f i e l d .  

Two  men dlne  s lmuitaneously.  
Good tlna for conpanlonshlp. 

Three t i m s / 2 4  hours - one hour 
~~ 

pe r   pe r iod .  

Max o f  two rren d l n e   a t  a t ime. 
S w i t c h   o f f   p a l r l n g   o f   d l n l n g  

" 

mates. 

"~ ~ 

Use padded seats   w l th  arm, head, 
back and l e g   r e s t s .  

.~ 

Utens I I s  should enab le   segre-  

S t o r a g e   f o r  2.5 Ibs  food/day, 
g a t   i o n   o f   f m d s  . 
I .5 I i t e r s  I i q u i  d/day f o r  
each man. 

Co lor  code e n t i r e   a r e a - c o l o r   w a l i s  

Use  warm colors-ye l low,   rose,   pa le 

~~ 

d l f f e r e n t l y   f r o m   o t h e r   a r e a s .  

orange. 
~ .. . 

10 - 50 f t  c v a r i a b l e .  

Level   less  thcn 20 db. 
. .. 
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Sleep 
AREA CHARACTERISTICS SAFEN PERFORMANCE  COMFORT 

5 Compartmenta l izat ion  Presence  o f   wal ls   shouid  not   s ig-  
n i f i c a n t l y   d e c r e a s e   t i m e   r e -  
q u i r e d   t o   e g r e s s   t h e   a r e a  and 
move t o   a i r l o c k ,   w o r k   s t a t i o n  

another   ast ronaut .  

2 
L? 
LL o r   t o   t h e   a s s i s t a n c e   o f  z 
0 
0 ". . . ~ ~  "~ ~- 

voi  um I f  s leep  area w i l l  be  used  for  
m d i c a l   c a r e ,  must  accomnodate 
two mn s imu l taneous ly  - one 
i n  bed  and  one n e x t   t o  bed. 
M in   vo l  81 x  50  x 72 - 281 ft3. 

. ~ ~ " ~- 

Layou t   a r rangemnt   Fu rn i sh ings   shou ld   no t   i n te r fe re  
w i t h  r ap id   eg ress .  

t r a f f i c   p a t t e r n .  
Reduce o b s t a c l e s ,   o b s t r u c t i o n s   i n  

Use of   wal  Is  t o   suppor t   equ ip r ren t -  
racks-beds. 

Ind iv idual   compart r rents   prov ide 
p r i v a c y  and n o i s e   c o n t r o l .  

C o m p a r t m n t s   a l s o   a i  low i n d i v i d -  
ua l   tempera ture   con t ro l .  

~- ~~ . "  

One-man area 202 cu  f t  

Two-man area  304 c u   f t  
81 x 60 x  72 

81 x 90 x 72 

" ~ " " ~~~ 

M in imize  locomot ion  requi rerents  
b y   c e n t r a l   l y   l o c a t i n g   a l  I 
equ ipmnt   nea r   t he   bed .  

Use-f  requency/ A l t e r n a t e   s l e e p   p e r i o d s   t o  

"" ~~ ~~~ "" ~- 

d u r a t i o n   e n s u r e   t h a t  one as t ronaut  
Simultaneous  s leep  per iods t o  

m x i m i z e   t i m e  when b o t h  crew 
mrrbers  are  avai   lab  le.  

Minimum o f  6 hrs   once  every 24 hrs .  
i s  awake a t   a l l   t i m e s .  

~ ~ ." ~ ___"~ ~~ 

". - 
One-man area 255 cu f t  

Twp-man area  383 cu  f t  
81 x 72 x 76 

81 x 108 x 76 

Heads o f   s leepers   shou ld  be 
s e p a r a t e d   s u f f i c i e n t l y   t o   r e -  
duce d i s t u r b i n g   e f f e c t s   o f  
s n o r i n g ,   e t c . ,   y e t   b e   c l o s e  
enough t h a t  each  as t ronaut  can 
be h e a r d   b y   t h e   o t h e r   i n  an 
erergency. 

S imul taneous  s leep  per iods  to  

E ight -hour   s leep  per iod once 

-. "" ~ . 

reduce  no ise  leve ls .  

every 24 hours.  
~- ~- ~. 

Growth   po ten t ia l  
3 m n ,  90 days 

. - - .- . - . ~ " ~~. - 

Y Furnishings  Storage  areas  should  be  accessible 
< 
LL 
W + 
E 

- wi thou t   ex tens i ve   reach ing  or 
bending. 

~. .~ .~ " 

Equipren t  Top o f  bed  should  be no more than 

~ "" .. 

o p e r a b i l i t y  16 i n .   f r o m   t h e   f l o o r   t o  
f a c i   I i t a t e   r a p i d   e g r e s s .  

Non-abrasive,   non-cutt ing  surface. 
- . ~ ~ "" . . 

Dscor 

. 

5 I l l u m i n a t i o n  Maximum i l l u m i n a t i o n   l e v e l   i n   a r e a  
W 
E f o r   wak ing   ope ra t i ons  - 80 ft c. 
0 Minimum dur ing   s leep   pe r iods  - .5 

> f o r   e g r e s s   w h i l e   n o t   i n t e r f e r i n g  
- f t  c t o  e n s u r e   s u f f i c i e n t   i i g h t  

w 

Use i n d i r e c t   l i g h t i n g   t o   a v o i d  

Use w h i t e   l i g h t i n g   t o   a v o i d   c o n -  

w i t h   s l e e p .  

body/bulb  contact .  

f us ion   o f   co lo r   codes .  

-~~ . ~ . ~ 

Temperature  Should  never  exceed 85' F o r  be 

. .~ 

- " ~ ~~~.~ . . 
iess  than 50' F. 

Noise Maximum i n t e n s i t v  - 120 db. 

Need  a t h i r d   s l e e p   a r e a   i f   a l l  
t h r e e  men s leep  s imul taneously  

~ ~~~ 

One bed  per  man. Personai  bed 
c l o t h i n g .  

S to rage   a rea   f o r   bed   c lo th ing ,  
p e r s o n a l   c l o t h i n g .  

Caution/warning  panel t o   a l e r t  
t h e   s l e e p i n g   a s t r o n a u t .  

Al.arm and c lock   fo r   normal  
arousa I . 

" . ~ 

~ ..~ . ~. .. - " ~ 

Dep loymentse t  up operat ions-s imple.   Operat ions  should  be  fami   l iar .  
No f o rces   g rea te r   t han  25 Ibs. 
One-man opera t ion .  

.- . 

Use ma t te   wa i l - ce i   l i ng   su r faces  Use res t fu l   b lues ,   g reens ,  or 

Ident i f y   s to rage  a reas ,   d rawers ,  

~ ~ -~ 

t o  reduce  glare.  browns. 

e t c . ,   w i th   co lo r   cod ing .  
.. ~ . 

L i g h t i n g   t o   a I  I p a r t s   o f   a r e a   f o r  I I luminat ion   var iab le   f rom .5 t o  

L i g h t i n g   l e v e l   a d j u s t a b l e   v i a  
c lean up tasks .  

I n d i r e c t   l i g h t i n g .  
r o t a r y   c o n t r o l   c o d e d   f o r  

Use i n d i r e c t   l i g h t i n g   t o   a v o i d  
d i f f e r e n t   l e v e l s .  

g l a r e .  
P o s i t i o n   l i g h t   c o n t r o l   t o   b e  

accessible  f rom  the  bed. 
P o s i t i o n   t h e   l i g h t   t o   d e l i v e r  50 

f t  c t o   t h e  bed   a rea   f o r  
read ing   wh i l e   i n   bed .  

l i g h t i n g   a d j a c e n t   t o   t h e   b e d .  

- ~ 

100 f t  C .  

P r o v i d e   c o n t r o l   f o r  emergency 

Should  not  exceed 75'  F o r  be  less 65' t 10' F ad jus tab le .  

. .  . ~ ~ . 

~ . ~~ 

than 55' F. Humidity  between 35 and  70%. 

Maximum o f  85 db s h o u l d   n o t   i n t e r -  Ma in ta in   leve ls   less   than 25  db 

. . 

f e r e   w i t h   s l e e p   i f   c o n s t a n t  w i t h  minimum changes i n   a m p l i -  
(non i n t e r m i t t e n t  and unvary ing  tude/frequency. 
f requency) .  Consider  use  of  music t o  mask 

n o i s e s   o f   e q u i p m n t  hum, e t c .  

- ~. 
Ccnsider  rugs t o  dampen noise.  
.~ .. - 
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Waste Elimination 
AREA  CHARACTER1  ST1  CS  SAFETY  PERFOFMANCE  COMFORT 

~. . -~~ ~~ .~ 

g Compartmenta l izat ion  Must   not  impede emergency 

~. " ~ "" 

Use o f   w a l l s   t o   s u p p o r t   e q u i p m e n t  - P r o v i d e   p r i v a c y   d u r i n g  

" 

- evacuat ion.  2 - ~ ~" ~ ~~~ ~~ - 
conta in   odo rs .   e l im ina t i on .  

volume 81" h e i g h t  30" length 30" wldth.   Al low  space  for   reaching  Al low  f reedom  of   mvement  whl le 
LL 81 x 60 x 30. a d j u s t i n g   c l o t h i n g  - hand l ing  
0 
U 

storage  equipment 81 x 60 x 40 

Layout   ar rangement   Area  la id   out   for   qu ick  egress.   Area  should  be  dedicated and not   Area  should  be  located  ad jacent  t o  

Area  con ta ins   was te   d isposa l   in te r -   b le ,   the   hyg iene  a rea .  
s h a r e d   w i t h  any o the r   a rea .   t he  s ieep  area and. i f possi  - 

body/area  clean up equ ipren t .  
faces,  temporary  storage, and Conslder  use o f  permanent  waste 

s t o r a g e   f o r   o t h e r   s h e l t e r   e x -  
A r e a   c o n t a i n s   r a c k s   f o r   c l o t h i n g  h pendables/wastes-paper  waste, 

I i gh t l ng /no ise /odor   con t ro l s .  h a i r - n a i  I c l i p p i n g s .  
~ ~ ~" ~ 

Use-frequency/ Crewmen should  not   have t o  rush to U r i n a t i o n   d u r a t i o n  9 to 47 sec. E l im ina t i on   a rea   shou ld  be a v a i l -  

a c t   o f   e l i m i n a t i o n .   C e f e c a t i o n   d u r a t i o n  I t o  3 min. Means should  be  provided t o  
d u r a t i o n   e l i m l n a t e   o r   r u s h   t h r o u g h   t h e   U r i n a t i o n   f r e q u e n c y  4 t o  6 pe r   day .   ab le   w i th in  5 minutes.  

Cefecation  frequency I t o  3 per   day.   in form one crewman i n   t h e   a r e a  
tha t   ano the r  crewman desi ms 
e n t r y .  

~ ~~ ______  
- .~ "" ~ ~ - Growth  potent ia l   Increase  waste  s torage  prov is ions.  

y Furnishings  Avoid  sharp  corners.  
_ _ _ " ~ _ _ ~  

No need f o r   i n d i v i d u a l   e q u i p r e n t -  
Q - i n t e r f a c e s  and  temporary 
w storage  conta iners-d isposable.  c " "." ~" 

Q 
Equipment 

operab i I i t y  
In te r faces   shou ld  be q u i c k   d i s -  Temporary s to rage must conta in  Temporary s torage  must   conta ln  

600 m l  o f   U r i n e  and odors and  ensure no c o n t a c t  

e l i m i n a t i o n .  

c o n n e c t   i n   t h e   e v e n t   o f  
emergency. . 3  Ibs of feces   fo r  each  between  astronaut's  hand and 

l i m i t  body moverrent since  such Permanent s to rage  must   be   s ized   fo r   Sh i f t   f rom  temporary   to   permanent  
wastes. 

the  1/6 g e n v i r o n m n t .  
c o n t r o l   c o u l d   b e   d i f f i c u l t   i n  2 l i t e r s / d a y   u r i n e  

.6 l bs   o f   feces /day   (wet )  
storage  should  be  automated. 

Wipes should  ensure  against  hand- 

m t e  f rom a l l   i i v i n g  areas t o  ensu re   t ha t  no wastes  remain on Cleanup  mthods  other  than  hand 

a t i o n .  
decrease  chances of  contamin-  the body o r   i n   t h e   a r e a .  

In te r faces   shou ld   no t   severe ly  

Permanent  storage  should  be  re- Temporary storage  containers  should  waste  contact .  

Measuring  devices  should  be  Inte-  Permanent  storage  containers 
wipes  should be inves t iga ted .  

g r a t e d   w i t h  s.torage conta iners.   should be n m t e  from a l l   I i v -  
Ing  areas t o  decrease  odors. 

De cor  

- _ _ _ ~ ~  
Due t o   s h o r t  occupancy  per   per iod - Color code cont ro ls ,   s to rage 

S e l e c t   p a i n t   t o   r e d u c e   g l a r e .  R e s t f u l   c o l o r  scheme - b l u e   o r  
no spec ia l   p rob  iems. a reas ,   i ns t ruc t i ons .  

green. _ _ _ _ ~ " _ _ _ _  _ _ _ ~ ~ _ _ _ _  
$ I I l u m i n a t i o n   S u f f i c i e n t   t o   s a f e l y   p e r f o r m   a l l   L i g h t i n g   t o   a l l   p a r t s   o f   a r e a   f o r   L i g h t i n g   v a r i a b l e   f r o m  20 t o  80 
w 
P 
a 

opera t ions  - 20 f t  c.  cleanup - var iab le   f rom 20 t o  
I n d i r e c t   r e c e s s e d   l i g h t i n g   t o  

f t   c .  

a v o i d   b o d y - l i g h t   c o n t a c t .   I n d i r e c t   l i g h t i n g   t o   a v o i d   g l a r e .  
Use w h i t e   l i g h t i n g   t o   a v o i d   c o n -   C o n s i d e r   s h o r t   d u r a t i o n   b l i n k i n g   o f  

P r o v i d e   b a c k u p   i i g h t   i n   e v e n t   o f  
f u s i o n   o f   c o l o r  codes. 

f a i l u r e .  

60 f t   c .  I n d i r e c t   l i g h t i n g .  

> z 
w 

i n g   a s t r o n a u t .  
l i g h t s  as  a larm  s ignal   f rom  work- 

Temperature  Between 50' and 85'  F. 55O t o  75'  F ad justable.   Humid i ty  35 t o  70°. 

Noise 
- 

Should  not  mask alarms. 
Maximum i n t e n s i t y  120 db. 

Noise  assoc iated  wi th   waste 
e l i m i n a t i o n   e q u i p r e n t   s h o u l d  

o f  85 db. 
b e   o f   s h o r t   d u r a t i o n  - maximum 

Main ta ln   no ise   a t   less   than 
25 db. 

Odor c o n t r o l  Temporary s torage  should  enc lose 
wastes  and  gases. 

~~ ~ 

53 



Rest . . .  and Relaxation .. . .. 

AREA CHARACTERISTICS  SAFETY 

z Compar tmenta l l za t ion   Wal ls   shou ld   no t   a f fec t  emergency 
o_ c o m u n i c a t l o n s   a m n g  crewmen 

n o r  Impede one crewmen a s s i s t -  
I n g   t h e   o t h e r .  

wal I s .  

______ 

2 
c1 There i s  no safe ty   requ i rement   fo r  
z 
0 
0 -~ ~ ______ 

Vo I ume W a l l s   s h o u l d   n o t   c o n f i n e   t o   t h e  
e x t e n t   o f   c a u s i n g   i n j u r i o u s  
impact. 

rrode-seated 81" h e l g h t ,  40" 
wi.dth, 30" depth - 56 f t 3 / m n .  

Minimum s i z e   f o r   s a f e t y - r e s t i n g  

PERFORMANCE  CCMFORT 

Wal ls   fo r   no ise   con t ro l -can   be   Prov ide   a   per lod   o f   p r lvacy   fo r  
' achieved by o t h e r  methods,  i.e., t h e  crewman. 

e a r  phones, p lugs ,   e tc .  P r o v i d e   a   v i s u a l   f i e l d   d i f f e r e n t  

equipment  racks. Remove crewman f r o m   f i e l d   o f   v l e w  
Walls  for  mounting  handholds,  from  the  work  area. 

o f   o t h e r  crewman. 

Area shou ld   inc lude  p rov is lons   fo r   Area   shou ld   p rov ide   fo r   ac t i ve  
exerc ise  81 x 50 x 50 - 122 f t 3 .   g a m s  81 x 84 x 84 - 343 f t3.  
2-man s imul taneous  exerc ise - 
2-man e a t e d   r e l a x a t i o n  - 
245 f t ? .  

480 f t 3 .  

Layout  arrangement  Area l a i d   o u t   t o   f a c i   I i t a t e   r a p i d   M i n l m i z e   l o c o m o t i o n   r e q u i r e m e n ' t s   i n   P r o v i d e   f o r   p r i v a c y   o f   i n d i v i d u a l  
egress or ass i s tance   f rom  res t i ng  nwde.  crewman. 
another crewman. 

should be minimized. 
O b s t a c l e s   i n   t h e   t r a f f i c   p a t t e r n   c h a i r   f o r :  

Locate  cont ro l   console  near   the 

Env l   ronmnt   con t ro l  
F1 im- tape  cont ro ls  
Caut ion /warn ing-a le r t  

i n d i c a t i o n s  

Use-frequency/  Short   rest   per iods  must be i n t e -  An extended R ' b  R per iod   shou ld  be In teg ra te   i i gh t , rn i ss lon - re la ted  
d u r a t i o n   g r a t e d   i n t o   t i m e i i n e   e s p e c i a l l y   s c h e d u l e d  once a day f o r   a t  

d u r i n g   h e a v y   p h y s i c a l   a c t i v i t y  
and i m m d i a t e l y   f o l l o w i n g  EVA. 

l e a s t  two h o u r s .   p e r i o d   t o  4 h o u r s   w i t h   r e s t  

Pe r iod   du ra t i on  - a t   l e a s t  5 
minutes.   Actual  I y  depends on 
work d i f f i c u l t y  and dura t ion .  

work   w i th  R 8 R and extend 

breaks  in terspersed  throughout  
day. 

Grcu th   Poten t ia l  
3 men-90 days 

P r o v i d e   f u r n i s h i n g s   f o r   3  rren t o  
r e  i ax s 1 mu I taneous l y  . 

5 Furn ish ings   Cha i r -bed  des ign   shou ld   no t   Prov ide   fu rn ish ings   fo r  2 men t o  
Q - impede rap id   eg ress .   re lax   s imu l taneous ly .  
D? 

2 Equlpment 
_______ 

1 operab i i i t y  
Use o f   excess ive   fo rce   (g rea ter   Setup   shou ld  be a one-man opera t ion .  

than 25 Ibs.)   should be avoided Minimum  number, complexi ty,  t im to 
i n   s e t t i n g  up e q u l p m n t .  

Unstow/stow 
be  minlmized.  Unpackage/package 

faces  should  be used. 
Ceploy  assembie/disassemble 
Act i   vate/deact  i va te  

padded i f  e f i e n s i v e  body nwtlons  Malntenance 
are   requ i red .  

Use o f   b reakab le   mater ia l   shou ld  

Non-abrasive,   non-cutt lng  sur-  

Wai Is-cei   l ing-equiprrent  should be 

perform: 

Use 

Decor Use mat te  wal i -ce i   l ing  sur faces 
t o  reduce  g lare.  

Provide means f o r   i n d i v i d u a l   o r  
group r e  I axa t i on. 

Operations  should  be fami l i a r .  
C h a i n   f o r   r e s t i n g   s h o u l d   f a c i   I i -  

t a t e   r e s t i n g  - padded,  con- 
toured, arm, head, l e g   r e s t s .  

Con t ro l   o f   l i gh t i ng ,   no i se ,  tem- 

t h e   c h a i r .  
perature  should be p r o v i d e d   a t  

Select  wal I c o l o r   d i f f e r e n t   f r m  
t h a t  used i n   o t h e r   a r e a s .  

Use r e s t f u l   b l u e s ,   g r e e n s ,   o r  
browns. 

i d e n t i f y   s t o r a g e   a r e a s ,   e t c . ,   w i t h  
co lo r   cod ing .  

I- I i i u m i n a t i o n   k n e r a l  io f t  c minimum. Var l  ab l e  Use i n d i r e c t   l i g h t i n g  - s o f t  
2 .  
z body - l i gh t   con tac t .  
CL h h l t e   I i g h t l n g   t o   a v o i d  con- - reading,   e tc .  
> fus ion   w i th   co lo r   codes .  

I n d i r e c t   l i g h t i n g  to reduce 0 t o  50 f t  c  general   area.  whi te.  
0 t o  100 f t  c   d i r e c t e d   i i g h t -  

z 
w 

i n d i r e c t   l i g h t i n g   t o   a v o i d   g l a r e .  

Limits 85' and 50' F. Adjustable  between 55' and 75' F. Adjustable  between 55' and 75' F. 
~~ 

Temperature 
~- 

i n d i v i d u a l  R 8 R area   con t ro l  
separa te   f rom  con t ro l s   a t   o the r  
areas. 

Noise Maximum i n t e n s i t y  120 db. Maximum o f  25 db d u r i n g   r e s t ,  
35 db d u r i n g   r e c r e a t i o n a l  
a c t i v i t i e s .   C o n f i n e   n o i s e .  

Less than 25 db. 
Use rugs  on f I co r  t o  dampen no ise .  
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Hygiene 
AREA  CHARACTERISTICS  SAFETY PERFORMANCE  COMFORT 

-~ -. 

5 C o m p a r t w n t a l i z a t i o n   F o r   f i r s t   a i d   f u n c t i o n s - e n a b l e  Walls p r o v i d e   m u n t i n g   f o r  hand- Per iod   o f   per fo rming   hyg iene 

~ ." - ~ -.__~ ~ 
~ "" ~ ~~ 

I- i s o l a t i o n   o f   a r e a   f r o m   h o l d s ,   r a c k s   f o r   h a n g i n g   c l o t h i n g   f u n c t i o n s  a good t i m e   t o  
rema inder   o f   she l te r .  !z 

8 15 i n .  minimum c e i l i n g   h e i g h t .  

a n d   l a y o u t   o f   e q u i p w n t .   p r o v i d s   p r i v a c y .  
0 

z 
E V o l u w   9 5 t h   p e r c e n t i l e  man s ta tu re   about   Ob jec ts  on t h ree   wa l i s   shou ld   be  Enough space  should  be  provided t o  

73  in .  Add 2 in. f o r   c lea rance .   access ib le  tu t h e  man standing 
i n  one spot.  .'.width i s  68 In. 

a l l o w   t h e  man one s t e p   t o  each 
s i d e  and one step  backward  from 

o v e r - r e a c t i o n s   i n  1/6 g 
and d e p t h   i s   a t   l e a s t  35 in .   the   works i te .  h i s  requ i res  an 
w i t h   h e i g h t   t o  8 i n .   F ree  

e n v l r o n w n t .   C e i l i n g   h e i g h t  volume i s  112 f t  f o r  one-man 
a r e a   w l d t h   o f  80 In. and a 
dep th   o f  65 In. Free  volume of 

81 in.  occupancy. 244  f t 3 .  
Wal I s  s h o u l d n ' t   c o n f i n e   t o   t h e   e x -  

t e n t   t o  cause  in jur ious  impact .  
Minimum s i z e   f o r   s a f e t y  81 In .  

he igh t ,  40 In. depth, M i n .  

opera t ion .  
width,  56  ft3/man - one-nwn 

For  two-man o p e r a t i o n   ( f i r s t   a i d )  
405 c u .   f t .  

Al low 6 i n .   m r e   t o   a c c o u n t   f o r  

i 

-~ ~ _ _ _ _ _ ~ _ _  
Layout   ar rangemcnt   Area  la ld   out  t o   f a c i  I i t a t e   M i n i m i z e   r e q u i r e w n t s  to maneuver 

emergency  egress.  about  the  area. 
Min imize  obstac les  and  obst ruc-  

t i o n s   i n   t r a f f i c   p a t t e r n .  
Most a c t i v i t i e s   s h o u l d  be performed 

Most a c t i v i t i e s   r e q u i r e   a c c e s s i b i  I -  
a t   s i n g l e   w o r k s i t e .  

i t y   t o  water  supply . 
-~ ~- "- ~~ 

Use-frequency/ F i r s t   a i d  - as  requi red.  
~~ 

d u r a t i o n  
Three  per iods  per day, one o f   wh ich  Whole-body bath ing,   shav ing,   ha i r /  

wili include  whole body c l e a n i n g   n a i l ,   e a r   c a r e  once every 24- 
which   shou ld   fo l low  per iods   o f  
e x c e s s i v e   a c t i v i t y  (EGA) and  Washing, t e e t h   c l e a n i n g   t h r e e  

hour   pe r iod  - 30 min./man. 

s h o u l d   l a s t  15 minutes.   t i r res a day - 10 min./man. 
~. "" ~ ~~ "" 

G r o w t h   p o t e n t i a l   E x c e p t   p o s s i b l y   f o r   f i r s t   a i d  
t o  3-man, 90-day func t ions ,  a l  I hygiene  funct ions 

shou ld   requ i re  only one man i n  

t h e   a d d i t i o n   o f  a t h i   r d  man o r  
t h e   a r e a   a t  a t ime.  Therefore, 

e d e n s i o n   o f   m i s s i o n   d u r a t i o n   t o  
90  days w i i i  have l i t t l e   e f f e c t  
on the  hygiene  module. "___ ~. ."" "" ~- ~~~ - ~ ". 

3 Furn ish ings  E lect r ica l   out le ts   and  wi res  should  Water   d ispenser ;   should be coded t o  Storage  areas  should be  coded t o  
5 be  guarded. d i sp lay   quan t i t y   rema in ing .  f a c i   I i t a t e   i d e n t i f i c a t i o n   o f  
B Furn ish ings  should  not   have  sharp Chai r   should be p rov ided   f o r   sea ted  personal  equipment. 
Q co rne rs   o r  edges a c t i v i t i e s - r e m o v a l  of shoes, foo t   Persona l   equ ip ren t   ( razors ,   e tc .1  

for  easy  access t o  equipment 
and t o   a v o i d   t r i p p i n g .  

L igh ts   shou ld  be  designed t o  

Table  areas  should be wa is t   h igh   ca re .  should be  coded. 

easy  remva I. 
Wastes should be  packaged f o r  

-~ - 
Equipment 

- - "~ ". - .. ~" ~" ___ ~ ~ _ _ _ ~  
One-man operat ion.   Operat ions  should be f a m i l i a r .  

operab i I i ty   min imize  body/bulb and  body/  Minimum n u h e r  and complex i ty   o f  
w i re   con tac t .  

Use o f   f o r c e   g r e a t e r  +han 25 Ibs.  equiprrent  unstowage/stovage 
should  be  avoided.  deployment/breakdown 

Use o f   b reakab le   ma te r ia l s   asseh ly /d i sasse r r$ l y  
should be minimal.  

E l e c t r i c  shock  hazards  should  be 

Non-abras ive,   non-cut t ing  mater ia ls  
e l im ina ted .  

should be  used. 

operat ions  for :  

use 

~"___ 
Decor 

- ~___  ". " 

Ceil ing  should  be  padded i f  there  Use ma t te   su r faces   t o   reduce   g la re ,   Co lo rs   sha l l   be   se lec ted   t o   reduce  
i s  any p o s s i b i i i t y  of c o n t a c t   r e f l e c t i v i t y   o f  20-40%. t e n s i o n  and f e e l i n g s   o f  

environment. 
due t o   o v e r r e a c t i o n s   i n  1/6  g c o n f i n e w n t .  

non-abras i ve. 
Wal l   texture  should be  smooth  and 

Use ye1 low o r   b r w n  - h i g h l y  
sa tura ted .  
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Hygiene (cont.) 
AREA CHARACTERlSTiCS SAFETY 

~ ~ _ _ ~  
k j  i I luminat ion  Whole-area  i l luminat ion t o  reduce 
w = 
0 

c o n t a c t   w i t h ' o b s t r u c t i o n s .  
Adequate l i g h t i n g   f o r   r e a d i n g  

Genera l   i l l um ina t ion  rnin. o f  10 
E labe ls ,   e t c .  
> z 
w 

at ion   fo r   read ing ,   shav ing ,  
f t  c .   D i r e c t i o n a l   i l l u m i n -  

I n d i r e c t  I igh t ing   reduces   p roba-  
e t c .  A t  l e a s t  50 f t  c.  

Prov ide  emrgency I i g h t i n g   t o  
b i  I i t y   o f  body-bulb  contact .  

the   event  o f  a l i g h t i n g   f a i l u r e .  
f a c i  I i t a t e   s a f e   a r e a   e g r e s s   i n  

PERFORMANCE  COMFORT 

Use w h i t e   l i g h t   t o   i d e n t i f y   c o l o r   P r o v i d e   b r i g h i n e s s   a d j u s t m e n t  
. codes  and f o r  m o s t   r a p i d   l i g h t   c o n t r o l s .  

Use i n d i r e c t   l i g h t i n g   t o   a v o i d  

Genera l   i l l um ina t ion   l eve i s   f o r   a rea  

Locate   on /o f f   con t ro l ,  i f  required, 

adapta t ion .  

g l a r e .  

cleanup minimum o f  40 f t  C. 

a t   a rea   access .  

Noise Maximum n o i s e   i n t e n s i t y  no g r e a t e r  Maximum no ise   l eve l  95 db. 
than 120 db f o r   s h o r t   d u r a t i o n s  
( 5  minu tes) .  

Maximum no ise   l eve l  60 db. 
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Locomotion 
AREA CHARACTERISTICS 

5 Conpar tmenta l i za t lon  
+ z = 
LL 5 Volume 
0 

Layout   a r rangemnt  

Use-frequency,' 
d u r a t i o n  

. .  

Growth   po ten t ia l  

Furn ish ings  

Equipment 
operab i i i t y  

Decor 

I I luminat ion  

Temperature 

Noise 

. .. 

. .  

SP.FEM 

Passageway w a l l s   m u s t   n o t   I n h i b i t  

Passageways e a s i e r   t o  keep c l e a r  
escape o f  crewman. 

than  f ree  space  routes.  

C e i l i n g   h e i g h t   m i n i m a l  81". 
Consider passageway mi I I n g   o f  

84" to  ensure   tha t   over -  
r e a c t i o n s   w h i l e   w a l k i n g  do n o t  
cause c o n t a c t   w l t h   c e i l i n g .  

access. 
Padded ce i l i ng -padded   top   o f  

Passago f r e e   o f   o b s t r u c t i o n s .  

Use shou ld  be minimized due t o  
. .. . 

po ten t i a l   haza rds .  

No p r o b   l e m .  

No o b s t r u c t i o n s  i n  the  passage- 
way. 

Handrai I s  should  be  provided t o  
o f f s e t   e x a g g e r a t e d   m o t i o n s   i n  
1/6 9. 

Use m a t e r i a l   c o v e r i n g   o r  padded 
w a l l s  to   reduce chances o f   i n -  
j u r i n g   t h e  hand  whi le   us ing 
t h e   r a i  I . 

Minimum o f  20 f t  c a t   a l l   t i m s .  
White I i g h t .  
I n d i r e c t   l i g h t i n g   t o   a v o i d   c o n t a c t .  
P rov ide   emrgency   l i gh t i ng .  

Between 50' and 70' F 

PERFOFMANE COMFORT 

Passapways  serve t o  channel 

.~ 
~ ~- 

l o c o m t i o n .  
Passageways prov ide  more o r d e r l y  

l ocomt ion .   A l so   p rov ide  
d l f f e r i n g   v i s u a l   s t l m u l a t i o n .  

W id th   op t ima l   f o r   con tac t   w i th  2 
~ 

handho lds   on   e i ther   s ide  - 40". 

~. . . "  -~ 
Passage-minimal number o f   t u rns -  Convex ce i   I I ng .  

minimal  length. 
". .~~ ~ -. .- . . . - 

Use should  be  minimal due t o  Use should  be  mlnimal  for  
energy  expendi ture.  

. " 
convenience. 

. " 

. . ~ ." . ~- 

One hor izon ta l   handra i  I on  each Handra i l s   wa ls t   h igh  - 45" above 
side, and r u n n i n g   t h e   f u l l  
lengt f l   o f  passageway. Rec tangu la r   i n  shape. 

.~ "" 

f loor .  

" . "_ 
Color code  accessways t o   d i f f e r e n t   P r o v i d e   r u g   o r   o t h e r   f ' l o o r   c o v e r -  

Use low r e f l e c t a n c e   m t e r i a l s .  
l o c a t i o n s .   i n g   f o r   l o c o m o t i o n   i n   b a r e   f e e t .  

i l l u m i n a t i o n   c o n t r o l l e d   f r o m 2 0   t o   S o f t   w h i t e   l i g h t .  

A l l  areas of passage i I iuminated .  
i n d i r e c t   l i g h t i n g   t o  reduce  glare.  

65O F t 5 O .  

Ensure t h a t   l o c o m t i o n   n o i s e s   a r e  

" ..."_____ 

40 f t  C. 

. . .  . "_ . " 

. ~~ . 

n o t   d i s t r a c t i n g   a t  work  area. 
" . . 
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Housekeeping  and  Personal  Equipment Care 
AREA CHARACTERISTICS  SAFETY  PERFORMANCE  COMFORl 

z Compartmental lzat ion 

- __ ~______~. "" ~~ "~ 

Use p a r t l t l o n s   f o r   s t o r a g e  of Requ i rements   fo r   p r ivacy  and 

~ 

0 housekeeping b persona l   equ ip -   va r ied   v i sua l   s t imu la t i on .  

Design of housekeeping  equipment 
ment care  dev ices.  

2 
L L  must be considered. 

a Volune  Envelope  large  enough t o  ensure A l l  equipment  should be 
z _ _ ~  "~ 

freedom  of movement. 
Prevent   fee l ings  of confinement- 

~~~ "" ~~ "" - 
access ib le .   i so la t i on .  

Layou t   a r rangement   Obs tac les   i n   t ra f f i c   pa t te rn  
should  be  minimized. 

Prov ide  equipnent   hangers,   work  Prov ide  seat ing and body support  
surfaces 8 associated  equip-  as o f t e n  as p o s s i b l e   w h i l e  
r e n t   i n   f u n c t i o n a l   g r o u p i n g   t o   p e r f o i m i n g   f u n c t i o n s .  
reduce  reach 8 t r a n s l a t i o n  

S h o u l d   p e r m i t   e f f i c i e n t   t r a f f i c  
t i r w  R e f f o r t .  

f low  through  area. 
". ~~~. . ~ ~" " ~ - 

Use-frequency/ 

"~ 

S u f f i c i e n t l y   o f t e n   t o   c o n t r o l  
durat ion  contaminants   keeping and equipment  care t o  m b i  I i t y   r e q u i r e m e n t s  and 

Min imize  requi rements  for   house-   Min imize  rexui rements t o  reduce 

maximize  t ime  a l lowed  for   energy  expendi tures.  
m i s s i o n   a c t i v i t i e s .   P e r f o m  
every 3 days. 

"" ~ 

Growth   po ten t ia l  
. 3 men - 90 days 

Determine  a f fects   o f   adding  Modi fy   housekeeplng and  equipment  Assign  one man t o   t h e s e   a c t i v i t i e s .  
t h i   r d  man. care  schedules - once  every  day. 

- ~" - -~ . . 

5 Furn   i sh  i ngs  Must  not  encumber or in t rude  Shou ld   p rov ide   fac i l i t i es   fo r   Shou ld   min imize   requ i rements   fo r  

kneel ing,   whi le  housekeeping. 
i 
w selves,  8 work surfaces where + p o s s i b l e .  

i n t o   t r a f f i c   p a t t e r n s .  i n h a b i t a n t s   t o   s i t ,   s t e a d y  them- bending  over,   stooping, 

E Should be easy t o   c l e a n  8 c a r e   f o r .  
Should  accommdate up t o  3 men. _ _ _ _ " _ ~  ~ . ." ~- "_ "~ ~ ~" ~~~ "~ ~ "" -~~ . 

Equipment   Should  not   requi re   operat ional   Should  be  o f  minimum complex i ty  8 T c d s  should be designed t o  
operabi  i i iy forces  greater   than 25 Ibs o r  r e q u i r e  on ly  one man t o  operate,   operate  in  man's  most com- 

present   danger   f rom  e lec t r i ca l   se t  up, s t o r e ,   e t c .  
shock,  chemicals  or  puncture. 

f o r t a b l e   p o s t u r e ,  i .e., I imbs 
i n  most   re laxed  pos i t ion .  

Decor 

.~ ~ - - 
Should be non-flammable, 

.____. . ". 

non-foul ing,   non-abrasive,  
e t c .  

Mat te   wa l l -ce i   l i ng   sur faces   fo r   Cons ider   p rov id ing   capab i   I i t y  
homogenous l i g h t i n g  a reduced  o f   per iod ica l l y   chang ing  
g l a r e .  

~~~ ~ ~ 

decor. 

2 I l l u m i n a t i o n  . 10 f t  c   i n d i r e c t   w h i t e   l i g h t  
w 
z 
~ minimum. 

10 - 100 f t  c v a r i a b l e   i n d i r e c t   I n d i r e c t ,   v a r i a b l e ,   n c n - g l a r e ,  
wh i te  I ight.  between 10 - 100 f t  C. - 

~~~ "" -~ ~ ~ ~ ~ 

Temperature 

~" 

L i m i t s  50'  and EO" F. Adjustable  between 55' d 75' F .  Sane as p e r f o r m n c e .  
> "" ~ ". - ~ ~.. ~~~ "" ~~~ ~ ~ _ _ _  ~ . 

6 Noise Maximum Sound P r e s s u r e   b l o w  95 db sus ta ined SPL. 
Level  (SPL) 120 db. 

Between 40 - 60 db SPL. 
Below 120  db b r i e f  SPL. 

~ ~ . ~ -  " ~~ . ". .~ ~ - .. - ~ "" .~ - ~ 
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AREA CHARACTERISTICS 

Compartmental izat ion 

VOI u rn  

Layout  arrangement 

Use-frequency/ 
d u r a t i o n  

Growth   po ten t ia l  
3 men - 90 days 

Furn ish ings  
.~ 

Equipment 
~ . .. 

operabi I i t y  

Decor 

I l l u m i n a t i o n  

Temperature 

Noise 

SAFETY 

Crew should  not   be  separated 
d u r i n g   s u i t   d o n n i n g  so t h a t  
each may ge t   ass is tance 
f r o m   t h e   o t h e r   i n  emerg- 
encies.  

Air lock  should  acconwdate 2 
a s t r o n a u t s   a t   t h e  same 

81" h igh ,  60" wlde, 60" long 
t l m e   i n   p r e s s u r i z e d   s u i t s .  

( f ree   vo lume) .  

Must   fac l  I i t a t e   r a p i d  emergency 
ingress/egress.  

Will be  u t1  I lzed  each  t ime 

s h e l t e r   f o r  purpose  of  
i n h a b i t a n t s  e n t e r   o r   e x i t  

donning o r  d o f f i n g   s u i t  
and o t h e r  I i f e   s u p p o r t   g e a r .  

S h o u l d   p r o v l d c   f a c i l i t i e s   f o r  
th ree  men t o  don  and d o f f  
su i t   s lmu l taneous ly .  

Should  not   present  hazards  over 
whlch  inhabi tants  may stumble 

o r   s u i t  damage through  impact,  
or which  could cause i n j u r y  

punc ture   o r   abras ion .  

Shou ld   no t   requ i re   g rea te r   t han  
25 lbs   fo rce .  

Design  handholds,  handles,  etc. 
t o  be o p e r a b l e   i n   s u i t e d  

No rough o r   ab ras i ve   su r faces .  
c o n d i t i o n .  

Pad w a l l s .  c e l l l n g s  & equip.  
Should be operable by  one man. 

I f  any, should be non- fou l ing ,  
punc tur ing  8 abras ive .  

10 f t  c  minimum. 
I n d i r e c t   w h i t e   l i g h t .  

Ambient - l i m i t s  35O and 50° F 
Surface - 6 5 O  5'. 

Maximum Sound Pressure  Level 
fSPL) 120 db. 

PERFORMANCE  COMFORT 

.~ ~ 

~ 

S ing le  compa&ment a i r i o c k  
a l l o w s   a s t r o n a u t s   t o  
a s s l s t  each o t h e r   i n   s u i t   w i t h   n o   i n t e r i o r  compart- 
donn ing /do f f i ng .   men ta l i za t l on .  

~~ 

Maximum comfort  wlll be 
ach leved   i n  an a l r l o c k  

~ 

A l r l o c k   f r e e  volume should 81" h igh ,  60" wlde,  90"  long. 
" 

be  f ree  of o b s t r u r t l o n s  
which impede su i t   donn ing /  
d o f f i n g . '  

~" 

Provide  handhclds 8 work surfaces  Should limit m v e m n t   w h i l e  

g e a r   w h i l e   p r e p a r i n g   t o   e n t e r  
against  whlch t o  l e a n   o r   r e s t   s u i t e d   t o  a  minimum. 

o r   e x i t   s h e l t e r .  

Should  a i low 30 m i n u t e s   f o r   s u i t  Up t o  45 minutes  should  be 
.~ . " 

d o n n i n g / d o f f i n g .   a l l o c a t e d   f o r   s u i t  donning/ 
d o f f i n g .  

S h o u l d   p r o v i d e   f a c i l i t i e s   f o r   t w o  
men t o  don  and d o f f   s u i t s  
s imultaneously.  

.~ 

Make p r o v i s i o n   f o r   s h e l t e r   i n h a b i -  
t a n t s   t o   s i t ,   s t e a d y   t h e m s e l v e s  

have  access t o  work  surfaces 
or s h e l v e s   w h i l e   s u i t i n g   o r  
u n s u i t l n g  ( 2  men simultane- 
o u s l y ) .  

~~ . 

Keep complexi ty  of   equipment 
o p e r a t l o n   t o  a  minimum 6 
design t o   o p e r a t e   w i t h i n  
l i m i t s   o f   s u i t   m o v e m n t .  

and equipment  of l u n a r  dus t .  
Provide means t o   c l e a n   s u i t s  

~- ~ ~ 

S h o u l d   p r o v i d e   f a c i l i t i e s   f o r  
one man to don and d o f f  
s u i t  

" .. 

Furnishings  should  be  designed 
t o  prevent   the  ast ronaut  

o r   s i t .  
f rom  having t o  bend, stoop, 

." . . ." _" 
P o s i t i o n  so t h a t   e x t e n s i v e  

repos i t i on ing   o f   l imbs  d 
t o r s o   i s  not requ i red .  

Prov ide   mans  o f   keep ing   the  
a l r l o c k   f r e e   o f   d u s t .  

Use ma t te   wa l l - ce i l i ng   qu r faces  

Co lor  code equipment  storage 
t o  reduce  glare.  

by func t ion .  

A d j u s t a b l e   t o  100 f t  c f o r  

Un i fo rmly  i I luminate  aI I 
maximum a c u i t y  and speed. 

areas. 
. .  

Ambient - Ad jus tab le  between 

- ~~ ." . 
55' and 75'  F. 

Sustained  levels  should  be 
below  95 db. B r i e f   l e v e l s  
should  be  kept  below 120 db. 

" . " 

Color  code  each as t ronaut 's  
s u i t   s t o r a g e  area. 

~" . ~ 

Use i n d i r e c t ,   s o f t   w h i t e .  
. .  . ~- 

~ 

Keep humi d i   t y  between 30 
~ .. .. ". "~ 

and 70 percent .  
. 

SPL should be k e p t   a t  40 - 
60 db. 
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3.7 SOCIAL INTERACTION  REQUIREMENTS AND INTERPERSONAL  RELATIONS 

The s o c i a l   i n t e r a c t i o n   r e q u i r e m e n t s   w h i c h   r e s u l t   i n   h a b i t a b i   I i t y   d e s i g n  
gu i   de l   ines   have  been  neg lec ted   in   the   fo rego ing   sec t ions  due main l y   t o   t h e  
ambigu i ty   assoc ia ted   w i th   such  requ i   rements .   Th is   ambigu i ty   in  I a r g e   p a r t  
r e s u l t s   f r o m   I - h e   f a c t   t h a t   t h e  adequacy o f   i n t e r p e r s o n a l   r e l a t i o n s   d u r i n g  
conf inement   i s  much more of  a f u n c t i o n  of  t h e   p e r s o n a l   i t i e s   o f   t h e   p a r t i  c i -  
pants   than  the   des ign  and layou t   o f   t he   enc losu re .   Ano the r   p rob lem  i n  
i d e n t i f y i n g  and d e s c r i b i n g   i n t e r p e r s o n a l   c o n f l i c t s   d u r i n g   c o n f i n e m e n t  
s t u d i e s   i s   t h e   t e n d e n c y  f o r  i n v e s t i g a t o r s   t o   a v o i d   d i s c u s s i n g   s u c h   d i f f i -  
c u l t i e s   i n   t h e   r e p o r t   s i n c e   t h e   p a r t i c i p a n t s   a r e  known t o   t h e   s c i e n t i f i c  
community. A t h  i r d   p r o b l e m   i s   t h e   f a c t   t h a t   d e g r e e s  of  i n te rpe rsona l  
coopera t ion   a re   no t   eas  i l y   q u a l  i f i ab l e  and e x i s t i n g  measures  such  as 
p s y c h o l o g i   c a i   t e s t s   a r e   s u s p e c t  due t o   t h e i  r i napp I i cab i I i t y  and low 
va l  i d i   t y .  

AI though  soc i  a I i n t e r a c t  i on  requ i rementS  were not  adequate I y cons i dered i n 
t h i s   s t u d y ,  fo r  the   reasons   s ta ted  above, t h e y   w e r e   i d e n t i f i e d   i n   t h e  few 
areas  where s u f f i c i e n t  adequate  research  has  been  conducted.  Areas  included 
in   t hese   cons ide ra t i ons   i nc lude :  

P r i v a c y   v e r s u s   s o c i a l   i n t e r a c t i o n  
Need fo r   senso ry   en r i chmen t  
T e r r i t o r i a l   b e h a v i o r  

I n   t e rms  o f  p r i v a c y  vs. s o c i a l   i n t e r a c t i o n ,   C e l a n t a n o  and Amore l l i  (1963) 
c i te   research   wh ich   demonst ra tes   tha t  cramped l i v i n g   q u a r t e r s ,   w i t h  I i t t l e  
p r i vacy ,  can  cause f a t i g u e  and poor   mora le   w i th  a consequent   reduct ion  o f  
pe r fo rmance   e f f i c i ency .  A U.S. Navy h a b i t a b i l i t y   s u r v e y  (1953) r e p o r t e d  
t h a t  adequate  space and p r i vacy   a re   impor tan t   f ac to rs   i n   t he   ma in tenance  
o f  mora I e .  
On shor t   m iss ions   c rews can o p e r a t e   w i t h  a minimum o f   p r i v a c y  as demonstrated 
by a 14 day Gemini m iss ion  and t h e  18 day Lunex s i m u l a t i o n .   I n   b o t h   s i t u a t i o n s  
two man crews I i ved  and  worked  together   in   enc losures  which p I aced  them i n  
e x t r e m e l y   c l o s e   p h y s i c a l   p r o x i m i t y   w i t h   v e r y  I i t t l e   p r i v a c y .  Based t o t a l   l y  
on t h e s e   t w o   s i t u a t i o n s  it i s   e v i d e n t   t h a t   t w o  men crews  'can  endure an 
a lmos t   t o i -a1   l ack   o f   p r i vacy   w i th  I i t t l e   d i s c e r n a b l e   d e b i  I i t a t i n g   e f f e c t .  
T h i s  absence o f   p r i vacy   however   app l i es  t o  phys ica l   p r ivacy ,   i .e .   m in ima l  
i s o l a t i o n   o f  one crew member from the  presence of  t h e   o t h e r   f o r  a s i q n i f i -  
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can t   t ime .  A second  type of i s o l a t i o n  can  be  conceptual i zed which w i  I I be 
t e r m e d   p s y c h o l o g i c a l   p r i v a c y .   P s y c h o l o g i c a l   p r i v a c y   r e f e r s   t o ; t h e   s t a t e  
i n  w h i c h   t h e   i n d i v i d u a l   i s   n o t   r e q u i r e d  t o  a c t i v e l y   c o o p e r a t e   o r  communicate 
w i t h   o t h e r  crew members and m i s s i o n   c o n t r o l  and i s  f r e e  t o  pu rsue   i nd i v idua l  
a c t i v i t i e s   w h i c h  may be   ope ra t i ve ,   i n fo rma t i ve ,   o r   con temp la t i ve .   I n   t he  
absence o f  p h y s i c a l   p r i v a c y   t h e  needs f o r  psycho log ica l   p r ivacy   must  
increase,  howgver, it i s   n o t   p o s s i b l e  t o  ascer ta in   f rom  present   knowledge 
the  f requency  and  durat ion of  p r i v a t e   p e r i o d s   d u r i n g   t h e  day. I t  i s  
ev iden t   however   t ha t  f o r  two man crews t h e   p e r i o d s  w i  I I c o i n c i d e   a t   l e a s t  
t o  t h e   e x t e n t   t h a t   r e d u c i n g  i nter-crew communi c a t i o n s  f o r  one  crew member 
has   the  same e f fec l -   on   the   o ther .  Work per iods   shou ld   no t   be   cons idered 
p r i v a t e   p e r i o d s  due t o   t h e  need f o r   s h a r i n g   i n f o r m a t i o n  and c o n s u l t a t i o n .  

The p e r i o d s   i m m e d i a t e l y   p r i o r   t o  and f o l l o w i n g   t h e   s l e e p   p e r i o d   s h o u l d   b e  
d e s i g n a t e d   p r i v a t e   p e r i o d s  and t h i s   p r o c e d u r e   i s   a s s u r e d   b y   p h y s i c a l l y  
i s o l a t i n g   t h e  crewmen by means o f  a w a l l ,   c u r t a i n ,   o r   o t h e r  means of  
removing  one crewman f r o m   t h e   v i s u a l   f i e l d   o f   t h e   o t h e r .   V o i c e  communi- 
ca t   ion   shou I d be poss i b I e however wh i ch I ends  support  t o   t h e  use o f   c u r t a i   n s  
r a t h e r   t h a n   r i g i d  sound  deadening  wal I s .  However, some degree o f  sound 

i n t a i n e d  t o  reduce  sounds of  one crewman moving 
o p e r a t i n g   t h r o u g h   t h e   s l e e p   p e r i o d .  

a t tenuat ion   must  be ma 
around o r  o f  equipment 

I t   i s  recommended t h a t  
she I t e r  by means of  wa 

the  s leep  area  be  segregated from t h e   r e s t  of  t h e  
I I s  o r   c u r t a i n s .   T h i s   p r o v i d e s  f o r  a change i.n 

v i  sua1 envi  ronment when t h e  crewman e n t e r s   t h e   a r e a  and a I so i s   c o n s i s t e n t  
w i t h   h i s   p a s t   e x p e r i e n c e   w h e r e i n   s l e e p  was had i n  an enc losed  space  ra ther  
t h a n   i n  a r e l a t i v e l y  open  a rea   where   o ther   da i l y   ac t i v i t ies   a re   per fo rmed.  

The need fo r  sensory   en r i chmen t   du r ing   i so la t i on  fo l  lows from a d e s i r e  t o  
a v o i d   r e s t r i c t i n g   t h e   m i n d  as we1 I as the   body .   Sensory   depr iva t ion   s tud ies  
have  demonstrated t h a t   p l a c i n g   s e v e r e   c o n s t r a i n t s  on the   ava i   l ab i  I i t y  of  
s e n s o r y   s t i m u l i   h a s   d e f i n i t e   a d v e r s e   e f f e c t s   s u c h  as i m p a i r e d   t h i n k i n g ,  
immature  emot ional   responses,  d isturbed  v isual   percept ion,  and  marked 
a l t e r a t i o n s   i n   b r a i n  wave a c t i v i t y .  These s tud ies   suppor t   the   psycho-  
n e u r o l o g i c a l   t e n a n t   t h a t   n o r m a l   b r a i n   f u n c t i o n  depends  on c o n t i n u a l  
a rousa l   ac t i on  and f a i r l y   c o n s t a n t   s e n s o r y  bombardment.  Sensory s t i m u l  i 
have   t he   genera l   f unc t i on  o f  ma in ta in ing   a rousa l  and l o s e   t h i s   c a p a b i l i t y  
i f  l i m i t e d   t o   t h e  mono tonous ly   repea ted   s t imu la t i on   o f  an unchanging 
envi  ronment. 
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Based  on the  requi   rements f o r  sensory  enr ichment a m u l t i p l e  compartment 
s h e l t e r  i s  t o  be recommended o v e r  a s i n g l e  room e n c l o s u r e   w i t h   t h e   d e c o r  
o f  i n d i v i d u a l   c o m p a r t m e n t s   p r o v i d i n g   s i g n i f i c a n t l y   d i f f e r e n t   v i s u a l   s t i m -  
u l a t i o n .  Such an approach was e v a l u a t e d   w i t h  some success i n   T e k t i t e  I 
where d i f f e r e n t   c o l o r  wal I p a i n t s  were  used f o r   d i f f e r e n t   a c t i v i t y   a r e a s .  
The l a c k   o f   s u c h   d i f f e r e n t i a t i o n  was c i t e d   i n   t h e  Ben F r a n k l i n  as a 
source   o f   p rob  lems. 

One s i g n i f i c a n t   s o u r c e  o f  sensory   enr i  chment i s   t h e   p r e s e n c e  of and i n t e r -  
a c t i o n   w i t h   o t h e r  men in   t he   env i ronmen t .  Thlis p r o v i d i n g   f o r   s o c i a l  
i n te rac t i on   has   t he   dua l   pu rpose  of  s u p p l y i n g  needed  group  re la t ionships 
and of i nc reas ing   senso ry   s t imu la t i on .  

I n   t e rms  of t e r r i t o r i a l   b e h a v i o r   r e s e a r c h   r e s u l t s   i n d i c a t e   g e n e r a l l y   t h a t  
men i n   s o c i a l l y   i s o l a t e d   g r o u p s  show  a g r a d u a l   i n c r e a s e   i n   t e r r i t o r i a l  
behavior  and a p a t t e r n  of  s o c i a l   w i t h d r a w a l   w h i c h   i s   r e f l e c t e d   i n   i n c r e a s e d  
t i m e   s p e n t   a l o n e   r a t h e r   t h a n   i n  j o  
sequence of  t e r r i t o r i a l   b e h a v i o r  w 
p e r s o n a l   o b j e c t s   s u b j e c t   t o   j u r i s d  
less  persona I o b j e c t s  I z t e r .  

Research  resu I t s  a I so demonstrate t 

n t   a c t i v i t i e s .   T h e r e   i s  a developmental 
t h   f i x e d   g e o g r a p h i c a l   a r e a s  and h i g h l y  
c t  i o n a l   c o n t r o l  f i r s t ,  and  more  mobi le 

h a t   l i v i n g   i n  a c o n f i n e d ,   i s o l a t e d  
env i ronment   s t imulates man's  need f o r  human in te rac t i on ,   g roup   i nvo l ve -  
ment  and c o - h a b i t a b i l i t y .  Thus w h i l e   t h e   i s o l a t e d   s u b j e c t   h a s  a need t o  
d e f i n e   c e r t a i n   a r e a s   a n d   o b j e c t s  as h i s  own, he a l s o   h a s   t h e  need t o  
p a r t i c i p a t e   i n   g r o u p   a c t i v i t i e s   w h i c h   m i g h t   i n v o l v e   s h a r i n g   o f   h i s  
t e r r i t o r y  o r  f u r n i s h  i ngs. 
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4.0 DESIGN 

ach   a rea   modu le   has   spec i f i c   des ign   ' cha rac te r i s t i cs .  These c h a r a c t e r i s t i c s  
a re   f unc t i on   dependen t   con f i gu ra t i ons ,   ma te r ia l s ,  and  environments. The 
n e x t   s t e p   i s  t o  d e s i g n   t h e s e   a r e a   c h a r a c t e r i s t i c s   u t i l i z i n g   t h e   i n f o r m a t i o n  

g i v e n   i n   t h e   a r e a   g u i d e l i n e s .   S a f e t y   c o m p r i s e s   t h e   d e s i g n   g u i d e l i n e s   e s s e n t i a l  
t o  p r o t e c t   a s t r o n a u t   l i f e  and wel l   being.  Area  modules  designed t o   t h i s  measure 
of  c r i t e r i a  wil l o n l y   a l l o w  fo r  t h e   a s t r o n a u t ' s   a b i l i t y  t o  r e t u r n   t o   e a r t h   s a f e  
w i t h   n o   h a r m f u l   e f f e c t s .   T h i s  does no t   assu re  m i s s i o n  completion.  Performance 
i n c l u d e s   t h e   g u i d e l i n e s   r e q u i r e d  t o  f a c i l i t a t e   t h e   a s t r o n a u t ' s   e x e c u t i o n  of 
h a b i t a b i l i t y  and mission  funct ions.   Area  modules  designed t o  performance 
c r i t e r i a  wi l l  assure   the   comple t ion  o f  t h e   t o t a l   m i s s i o n .   C o m f o r t   i n c l u d e s   t h e  
gu ide l i nes   wh ich  will m i n i m i z e   t h e   p r o b a b i l i t y   o f   p s y c h o l o g i c a l ,   p h y s i o l o g i c a l ,  
and p h y s i c a l   s t r e s s   a c t i n g  upon the   as t ronau t .  

The design  approach  of   the  modules i s   s i m i l a r   t o   t h e   c r i t e r i a .   D e s i g n s   a r e  
funct ion  dependent  upon t h e   c r i t e r i a   a s s o c i a t e d   w i t h   c o n f i g u r a t i o n ,   m a t e r i a l s ,  
and env i ronmen t   o f   t he   a rea  module, t h a t   i s ,  a metholog ica l   approach.   Wi th in  
l i m i t s ,   a l l   p o s s i b i l i t i e s  must  be  considered. How many p o s s i b i l i t i e s   a r e   t h e r e  
in   which  two  beds  can  be  ar ranged  wi th in  an area? How many p o s s i b i l i t i e s  if 
t h e   t w o   a r e  t o  be  separated? What i s  I -he   g rowth   po ten t ia  I of the  arrangement,  
a t h i r d   a s t r o n a u t ?  A l l  p o s s i b i l i t i e s  for  m a t e r i a l  and the   env i ronmen t   shou ld  
a lso  be  cons idered.   Refer  t o  a r e a   g u i d e 1   i n e s   f o r   t h e   d e s i g n   c r i t e r i a .  
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4.1 NOURISHMENT FhODULE 

NOURISHMENT  MODULE  CONTENTS 

The nour ishment   module  must   conta in   the  fo l lowing  i tems:  

Cha i r s  
Tab I es 
H e a t i n g   U n i t  
Hot Pads 
Naplci ns 
Paper Towe I s 
Storage 
Food Freezer  

Food Ch i I l e r s  
C o n t a i n e r   f o r   m e a s u r i n g   i n t a k e  
Food Cabinet  
Food Storage  Conta i ners  
Seasoning 

S a l t  
Pepper 

*Food M i  xe r 

*No t i ce   t ha t   t he   ‘ f ood   con ta ine r  
concep t   a l l ev ia tes   t hese   i t ems .  
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E a t i n g   U t e n s i l s  
Kn i f e  
Fork  
Spoon 
CUP 

*P I   a te  
Napk i n 

Prepar ing  Utens i I s  
*Prepar ing   Trays  
*Heating Pans 
*Serv ing Spoons & Forks 
*Servi   ng Kn i ves 

Paper Towe I 
*Unpacking A i  ds 

Sc issors  
K n i f e  
Openers 

*Waste Receptac le   fo r   food  was te  
*Waste Receptac le   fo r   paper   was tes  



I 
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NOURISHMENT  PACKAGE 

P i c t u r e d  as a des ign   concep t   i s  a f o o d   s t o r a g e   c o n t a i n e r   t h a t  wi I I be s t o r e d  
i n   o r d e r  o f  meals, t h a t   i s ,   a l  I b r e a k f a s t s   t o g e t h e r  and a l  I d i n n e r s   t o g e t h e r .  
T h i s  w i  1 . 1  p r o v i d e   t h e   a s t r o n a u t s   w i t h  a choice  a t   most   meals .  

The package i s   t w o   f u l l  meals, it i s   s e p a r a t e d   b y   p u l l i n g   a p a r t  and t h e n  each 
p l a t e  on conta iner   must   be   e i ther   thawed o r  r e c o n s t i t u t e d .   D i r e c t i o n s   f o r  
amount o f   w a t e r  and t i m e  w i  I I be p r i n t e d  on  each  container,   but  an e f f o r t  
shou ld  be made t o   s t a n d a r d i z e   t h i s .   A f t e r   r e c o n s t i t u t i o n   t h e   r e m a i n i n g   w a t e r  
shou ld  be poured  through a f i  I t e r  and i n t o   t h e   r e c o n s t i t u t i o n   t a n k .  The c o n t a i n e r  
shou ld  be made o f  such a m a t e r i a l   t h a t  it can  be  heated i n   p a r t  o r  whole. 
S i m p l y   z i p   o f f   f o i  I p r o t e c t o r   t o   r e v e a l  warm meal.  When.the meal i s  complete, 
l e f t   o v e r s ,   u t e n s i  I s  and napk ins   shou!d   be   p laced  in to   the   d ishes   wh ich   a re  
then  snapped together   mak ing   them  sea l   t igh t .  They shou ld   then be p laced 
b a c k   o n t o   t h e   s h e l f .  They shou ld  be n o t i c e a b l y   d i f f e r e n t   t h a n   t h e   f r e s h  
package. 

66 



r 
V 

67 



NOURISHMENT WALL 

Meal con ta ine rs ,   p repara t i on   a rea ,   and   d in ing   t ab le  and f a c i  I i t i e s  shou1.d be 
a t  one l o c a l e .   T h i s  i s  so t h a t   t h e   p r e p a r a t i o n   a c t i v i t i e s   a r e   k e p t   a t  a 
m i  n i mum. 

The t o t a l   w a l l   c o n c e p t   p r o v i d e s  a pu l l -down   d in ing   t ab le   wh ich   exposes   t he   s to red  
food  conta iners,   preparat ion  equipment ,   severa l  I iqu ids   w i th   metered   f low,  
hea te rs  and u t e n s i l s .  The c o n t a i n e r s   w i t h   t h e   l i n e   i n d i c a t o r s   a r e   c o m p l e t e d  
mea ls   and  le f tovers   s to red   in   the   nour ishment   package.  Below t a b l e   h e i g h t  
i s  emergency food  s to rage.  
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NOUR I SHMENT  CONF I GURAT I ON 

T h e r e   a r e   a t   l e a s t   t w e l v e   d i f f e r e n t   c o n f i g u r a t i o n s   t h a t  can  be  considered when 
chosing a nour ishment   module.   Conf igurat ion I, I i s  chosen fo r  several   reasons: 

crew members s i t  across from each  o ther   thereby  making  conversat ion 
eas ie r ,   reduc ing   p robab i  I i t y   o f   c r o w d i n g  o r  cramped t a b l e  space,  and 
a l l o w i n g  each t o  prepare  meals  wi th  equal   ease. 

a t h  i r d  crew member can e a s i  I y be  added. 

t h e   c o n f i g u r a t i o n  uses t h e   l e a s t  amount o f  f l o o r  space. 
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4.2 SLEEP MODULE 

SLEEP  MODULE  CONTENTS 

The s l e e p   m o d u l e   s h o u l d   c o n t a i n   t h e   f o l l o w i n g   i t e m s   u n l e s s   i n h e r e n t   i n   t h e  
des i gn : 

Bed C l o t h i n g  
sheets  
p i  I low 
b I an k e t  
mat t   res5 
" ~ 

SLEEP  I4ODULE  CONCEPTS 

S leep ing  A t t i r e  L i g h t i n g   C o n t r o l s  
P r i v a c y   P a r t i t i o n  No ise   Cont ro l  
Bed R e s t r a i n t s  c u r t a i n  wal I 
Equ i pment Storage mus i c 

The f i r s t   s l e e p  module  concept   p ic tured - i s  a t o t a l   e n c l o s u r e   d e s i g n   t h a t  
g i v e s   t h e  crewman t o t a l   p r i v a c y  and  env i ronmenta l   cont ro l .   Storage may be 
d i f f i c u l t   u n l e s s   I - h e   e n c l o s u r e   h o o d   c o u l d   b e  made e r e c t a b l e ,   p e r h a p s . i n f l a -  
t a b l e .  Sound c o n t r o l   s h o u l d   n o t   p r e v e n t   t h e  crewman from hear ing   h is   compan ion  
i n  an emergency s i t u a t i o n .  

The  second  design i s  a s imple  sheet   and  b lankat   approach.  A s leep ing   bag 
i s   n o t   s u g g e s t e d   b e c a u s e   o f   t h e   p o s s i b l e   d i f f i c u l t y   i n  an emergency  egress. 
Tempera tu re   con t ro l   cou ld   be   s im i l a r  t o  a commercial e l e c t r i c   b I . a n k e t .  

The t h i r d  des ign   covers   the   c rewman 's   head  on ly ,   g iv ing   h im  v isua l  and  sound 
p r i v a c y .   T e m p e r a . t u r e   c o n i - r o l   i s   b y   s l e e p i n g   a t t i r e   o n   t h e   s h e l t e r ' s  
tempe r a t  u r e   c o n t  ro I system. 

C o n c e p t   f o u r   i s  a hammock which i s   n o t  recommended because it i s   d i f f i c u l t  
t o  ingress  and e s p e c i a l l y   d i f f i c u l t  t o  emergency  egress. 
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SLEEP MODULE CONFIGURATION 

P i c t u r e d   a r e   f i f t e e n   c o n f i g u r a t i o n s   i n   w h i c h   t w o  crewman can l i e  prone, 
s leep ing .  The u p p e r   r i g h t   d i a g o n a l   f i f t e e n   c o n f i g u r a t i o n s   a r e  shown w i t h  
a  wal I o r  separa to r ;   t he   rema in ing   w i thou t .  The design  guide1  ines 
( s l e e p ,   f u r n i s h i n g ,   s a f e t y )  recommend an 18" maximum mat t ress - f   l oo r   d i s tance ,  
t h e r e f o r e   a l  I bunk  designs  should  not  be  considered. 

Recommended c o n f i g u r a t i o n s   a r e  2,0 (Column 2, Row 01, 3,2. and 4,2. Reasons 
f o r   c h o o s i n g   t h e s e   c o n c e p t s   a r e :   t h e y   o f f e r   p r i v a c y ,  maximum head t o  head 
d is tance,  and are good  examples o f  l a y o u t   p o s s i b i l i t i e s .  

GROWTH POTENT I AL 

S e v e r a l   p o s s i b i l i t i e s   o f   g r o w t h   p o t e n t i a l   f o r   t h e  recommended c o n f i g u r a t i o n s  
a re  shown. 
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4.3 WASTE ELIMINATION MODULE 

WASTE ELIMINATION MODULE  CONTENTS 

The was te   e l im ina t i on   modu le   mus t   con ta in   t he  f o l  lowing  i tems:  

Co l l ec t i on   bag   d i spenser  Vacuum Cleaner  
Co I I e c t  i on Bags Waste  Management Supply  Cabinets 

Uri ne Bag Specimen Return   Conta iners  
Feca I Bag Odor Removal F i   I t e r  
U r i n e  Samp l e  Bag Waste Processor  

U t i  I i t y  Wipes Dispenser  AI I Purpose  Tissues . 

U t i l i t y  Wipes Feca l /U r ine   Co l   l ec to r  

T h i s   l i s t  i s  compr ised  wi th   data  f rom  the  AAP-Orbi ta l  Workshop waste  e l im-  
i nat   ion  system, December 1969. McDonne I I Doug I as As t ronau t i cs  Company. 
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MAN/WASTE  COLLECTOR  INTERFACE 

Present  day response  des igns   requ i   re   the  crewman t o  s e t  up recep 
col lect ion  bag  and  process  waste  specimens. An e f f o r t   s h o u l d   b e  
des ign a r e c e p t a c l e .   t h a t  measures  and  processes  the  feca l   and  ur  
w i t h o u t   r e q u i   r i n g   t h e  crewmen t o   p a r t i c i p a t e .  

t a c l e ,  empty t h e  

i ne  specimens 
made t o  

P i c t u r e d   a r e   t h r e e   d e s i g n s   b a s e d  on p o s t u r a l   c o n s i d e r a t i o n .   P r o p e r   p o s t u r e  can 
c o n t r i b u t e   s u b s t a n t i a l l y   t o  ease of  de feca t ion .  A f u l l   s q u a t   p o s i t i o n ,   n i n e  
i nch   h igh   sea t ,  as shown i n   t h e   f i r s t   d r a w i n g   m i g h t  be d i f f i c u l t  and  uncomfort- 
ab le  t o  assume a n d   t h e n   s u s t a i n   i n   t h e   r e d u c e d   g r a v i t y .  The second  design 
i s   s i m i l a r  t o  the   s tandard   recep tac le ,  15 t o  18 i n c h e s ,   w i t h   i n t e g r a l   f o o t  
r e s t s  so t h a t   t h e   f e e t  can  be brought  up t o  assume  a s q u a t   p o s i t i o n .  The 
t h i r d   d e s i g n   i s  a " l e a n - o n "   r e c e p t a c l e .   I t s   h e i g h t  (24 - 26 i n c h e s )   o f f e r s  
an advantage o f  e l i m i n a t i n g  any s i t t i n g  and r i s i n g   p r o b l e m s .  
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WASTE  ELIMINATION CONFIGURATION 

P i c t u r e d   a r e   f i f t e e n   c o n f i g u r a t i o n   c o n c e p t s  f o r  placement o f  the   was te   recep tac le  
and s to rage  a rea  f o r  c o l l e c t i o n  bag  dispenser,  wipes,  waste  specimen  storage/ 
p rocessor ,   e tc .  

Number 3,O m o d u l e   ( s t o r a g e   a r e a   d i r e c t l y   i n   f r o n t  of  seated crewman) i s  chosen 
because i t  o f f e r s   t h e  crewman easy  access t o  the   s to rage  wh i l e   i n  a s i t t i n g  
p o s i t i o n .  As i n  some o f   t h e   o t h e r   c o n f i g u r a t i o n s  (l,O,, s to rage  beh ind   sea ted  
ast ronaut ,  5,4,, s torage above  and  be!ow  seated  astronaut,  etc. 1 c o n f i g u r a t i o n  
3,O does n o t   r e q u i r e   t h e  crewman t o   t w i s t  o r  t u r n   w h i l e   g a i n i n g   a c c e s s  t o  wipes 
o r  reco rd ing   da ta .  

I f   t h e  crewman must s e t  up and  empty   receptac le   as   in   the   "s ta te  o f  t h e   a r t "  
des igns ,   con f i gu ra t i on  number 3,l i s  good  because it a l  lows a s t a n d i n g  crewman 
t o  face   receptac le  and  s to rage/process ing   a rea   a t   the  same t ime,  and  also,  
w h i l e   s i t t i n g  he  has  access t o  more s t o r a g e   f o r   w i p e s ,   e t c .  
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,4.4 REST  AND  RELAXATION 

REST AND RELAXAT  ION  CONTENTS 

The r e s t  and r e  I a x a t   i o n   m d u  l e  shou I d   p r o v i  de each crewman w i t h   t h e  
f o l l o w i n g   i t e m s :  

Music 
Read ing   Mater ia l  
Exerc ise   Fac i  I i t i e s  
L i g h t i n g   C o n t r o  I s 
Seats 

Games 
s i n g l e   p l a y e r  and t w o   p l a y e r  
m i s s i o n   o r i e n t e d  

Tab I e 
Ma t t ress  

82 



83 



DESCRIPTION 

P i c t u r e d  as   des ign   concep ts   a re   f ou r   i n f l a tab le   cush ions  o f  v a r i e d   g e o m e t r i c  
shape  which,   used  together   wi th  a p a l l e t  o r  mat t ress,  may be  employed  as a  means 
t o   s u p p o r t   t h e  human body i n  a number   suggested   res t fu l   pos i t ions .   Imag ina t ive  
use o f  these  cush ions ,   together   w i th  some work   sur face   and  appropr ia te   a rea  
l i g h t i n g ,  w i  I I p rov ide  a f a c i   I i t y   i d e a l   l y   s u i t e d  t o  enhance  such a c t i v i t i e s  as 
r e a d i n g ,   w r i t i n g ,   m i l d   c a l i s t h e n i c s   a n d   r e s t i n g   t h e   b o d y .  

I n   a d d i t i o n  t o  these  hardware  i tems, some measure o f   c o n t r o l   s h o u l d  be p rov ided  
o v e r   t h e   a r e a ' s   v i s u a l - a u d i o - t h e r m a l   e n v i r o n m e n t   t o   f u r t h e r   e n h a n c e  a wide 
v a r i e t y  of  r e s t  and r e l a x a t i o n   a c t i v i t i e s .   I n c l u d e d  as  a p a r t   o f   t h i s   e n v i r o n -  
menta l   cont ro l   should  be means o f  v a r y i n g   b o t h   l i g h t   i n t e n s i t y  and p a t t e r n ,  
r e g u l a t i o n  o f  ambient  room  temperature,  and  the means t o  s e l e c t  a v a r i e t y  of  
aud io  and v isual   programs.  
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REST AND RELAXATION  CONFIGURATION 

The r e s t  and r e l a x a t i o n  module c o n f i g u r a t i o n   i s   d e r i v e d  from t h e  recommended 
s leep  modu le   con f igura t ion .   Th is   i s  because i n   a l l   p r o b a b i l i t y ,   t h e  two 
module  areas w i  I I be  shared.   That   is ,   the  funct ions w i  I I  be  performed i n   t h e  
very same space  and i n  much t h e  same manner. 
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TEMPORARY WALL SCREEN EXERC I SE 
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.4.5 

HYG 

The 

The 

HYGIENE MODULE 

IENE MODULE  CONTENTS 

hyg iene  modu le   shou ld   con ta in   the   fo l low ing   . i tems:  

mouth  and t e e t h   c l e a n e r  
n a i  I c l  i ppe rs  and f i  l e  
deodorant 
body/hand l o t i o n  
soap 
t i s s u e s  and  dispenser 
swabs 
hand  wipes 
body  wipes 
face   towe l  

A p o l l o   f i r s t   a i d  k i t :  

h a i r   d r e s s i n g  
comb 
brush 
shampoo 
bench 
s to rage 
m i  r r o r  & magn i f y i   n g  m i  r r o r  
waste  receptac le 
I i g h t i n g   c o n t r o l s  
ba th   towe l  

p a i n  k i  I l e r  - 

r e  I i e f  o f  motion  s' i  ckness - 

p a i n   k i  I l e r  - 

r e 1   i e f   o f   d i a r r h e a  - 
decongestant - 

paren te ra l   meper id ine   hyd roch lo r i de  

p a r e n t e r a l   c y c l   i z i n e   h y d r o c h l o r i d e  

dextropropoxyphene  hydroch  lor i  de 

di  phenoxy I a te   hydroch I o r i  de 

pseudoephedr ine  hydrochlor ide & 
t r i p r o l   i d i n e   h y d r o c h l o r i d e  

n a s a l   e m o l l i e n t  - 
b o t a n i c a l  o i  I s  

nasal   spray - 
oxyrnetazo I i ne  hydroch I o r i  de 

eye   o i   n tment  - 
p o l y m i x i n  B. sulphate,  neo- 
mycin,   sulphate & g r a m i c i d i n  

methy I ce I I u I ose 

f i r s t   a i d  cream 

eye  drops - 

s k i n  cream - 

ana lges i c  - 

a n t i  h i sfami  ne - 

ana lges i c  - 

a c e i y l s a l   i c v c l  i c  a c i d  

d iphenhydramine  hydrochlor ide 

paracetamo I 

bandage  compress 
bandages 
o r a  I thermometer 
tweezers 
I axa t  i ve 
sp I i n t s  
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HYGIENE WALL 

The hyg iene   wa l l   con ta ins   a l l   hyg iene   equ ipmen t   w i th in   easy   reach   o f   t he  
crewman.  The d e s i g n   p i c t u r e d   i s  an arrangement of  the   hyg iene   con ten ts  on 
a wal I .  I n   t h e   c e n t e r   i s  a mirror w i t h  two v e r t i c a l   a d j u s t a b l e  I i g h t s   a t  each 
s i d e .  On t h e   o u t s i d e  o f  each l i g h t   i s  each  crewman’s  mouth  care  equipment, 
personal   hygiene  equipment,   shaver,   hairbrush, and a l s o   t h a t   w h i c h  wi I I be  used 
f r e q u e n t l y  such  as:  hand  and  face  wipes,  towels,  and f i r s t   a i d .  

Water i s   no t   necessa ry   i n   t he   hyg iene   wa l l .   C leans ing   o f   hands  and f a c e   w i l l  
be  by  wet  wipes.  Provisions  shou I d be made t o  dispose of  them.  Waste  co I l e c t o r s  
a r e  shown r a t h e r   t h a n  a wash bas in .   Th is   receptac le   shou I d have a c o v e r   o r  
a qu i ck   sea l   t op .  I t  should  not   need t o  be  emptied o r   r e p l a c e d .   T h i s   s u r f a c e  
w i  I I a I s 0  serve  as a temporary  she1 f ,  f o r   s u p p o r t i n g   t h e   s h a v e r   o r   b r u s h ,   e t c .  
I t  shou I d be 40 t o  42 i nches from t h e  f I o o r .   T h i s   h e i g h t   o f f e r s   t h e  crewman 
comfort whi le   c leansing,   and  min imizes  the  need t o  bend o r  stoop. 

Below t h e  she1 f i s  a genera l   s torage  area f o r  towels,  rep  lacement  wipes, and 
c o l   l e c t   i o n   r e c e p t a c l e s  i f necessary.  
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TOTAL BODY CLEANSING 

Some prov is ions   shou ld  be made fo r  
because it cleans and ri nses  qui  ck 
are  four  concepts.  

t o t a l  body 
l y  and it a 

c leansing.  A shower i s  recommended 
'Is0 re1 axes t h e  crewman. P i c t u r e d  

The f i r s t   i s  an e r e c t a b l e   o r  more p rec i se l y   a   f o ld   ou t   concep t .  I t  wi I I f o l d  
o u t  of t h e  wal I , con ta in  and rec i   rcu l   a te   the   water ,  and include  handhol ds  and 
bench.  This  concept i s  shown i n  more d e t a i l  on t h e   f o l l o w i n g  page. 

The second  concept shows the  personal  waste  e I imi n a t i o n  module. This   requi   res 
t h e  crewman t o  wipe  dry   the wal Is and f l o o r   a f t e r  use; also,  most  equipment 
should be covered. 

The t h i r d   i s  a   la rge   wet   w ipe   su i tab le   fo r   to ta l   c lean ing .  Perhaps,  two 
cleansing  wipes, one for  h a i r  - a shampoo wipe, and t h e   o t h e r  for c leans ing  
the   remain ing   par ts  of t h e  body. A t h i r d  wipe  should  r inse. 

The fou r th   concep t   i s   a  bag  shower. The bag i s   e r e c t a b l e  and e a s i   l y   s e t  up. 
I t  wi I I cap ture   a l  I t he   wa te r  and r e c i   r c u l a t e  it. The bag  should be trans1  ucent 
f o r  I i g h t i n g  and incorporate  handhol  ds  and a bench. 
- ~~~ -~ 
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FOLD-OUT SHOWER 

Crewman opens  door  and  pul I s  o u t   c u r t a i n  wal I w i t h  a s e a l e d   f l o o r  and c e i l i n g  
f o r   r e c i r c u l a t i o n   o f   w a t e r .  He e n t e r s  by u n z i p p i n g   t h e   c u r t a i n  wal I .  The 
permanent  wall  includes  handholds  and  shower  head. The door wall i nc ludes  a 
fol d-up bench. 
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HYGIENE CONFIGURATION 

P ic tu red   a re   f ou r   con f i gu ra t i on   concep ts  for  the  hygiene and shower  modules. 
The hyg iene   wa l l   i s  shown in   p lan   v iew .  The m i r r o r   i s   t h e   d o u b l e   l i n e   w i t h  
t h e   l i g h t s  and personal   equipment  storage  f lanking it on each  side. Two waste 
col l ec to rs   a re  shown on t h e  she I f . Across  from  the wa I I i s  a bench w i t h  
handho I ds. 

The f i r s t  concept shows t h e  shower  head  on the   wa l l   nex t   t o   t he   hyg iene   s to rage  
wal I and  bench. T h i s   i s  a shar ing  concept and requ i res  a door t o  prevent   water  
from  escaping. The module wil I need t o  be w iped  d ry   a f te r  use.  Perhaps t h e  
personal  waste e I imi na t ion   recep tac le  and t h e  bench  cou I d  be t h e  same u n i t ,  
shar ing  shower, hygiene,  and  waste el im ina t ion .  

The second  concept  separates  the  shower  from  the  hygiene w a l l .  The door i s  
moved t o  sea l   the  shower f o r   c a p t u r i n g   t h e   w a t e r .  A door is n o t  needed i n   t h e  
hygiene  area  unless  shared  wi th  the  waste  e l iminat ion  module.  

The t h i r d  concept  shares  the  hygiene  wal l  and  bench w i t h  a c u r t a i n   w a l l   f o l d -  
o u t  shower u n i t .   T h i s  has t h e  minimum volume o f   t h e   f i r s t  concept   wi thout   the 
requirement t o  wipe  dry or  cover  the  hygiene  module. 

The fourth  concept  uses a f o l d - o u t   c u r t a i n  wal I shower u n i t   i n  a separate  but  
nearby  locat ion.   This  a l lows  one crewman in   the   hyg iene  a rea  and t h e   o t h e r   i n  
t h e  shower  area a t   t h e  same t ime. 





4.6 LOCOMOTION AIDS 

Pictured  are  several   locomotion  aid  design  concepts.  These inc lude use o f  
s u r e - g r i p   f l o o r i n g  t o  prov ide  non-s I i p   s u r f a c e  and comfort,  .(perhaps spongy 
s u r f a c e )   t o  crewman i n  shoes,  socks, and barefeet.  Handholds/handrai I s  t o  
s t a b i l i z e  and support   walk ing,  stooping and reading  are  recessed so t h a t   i n  
the   even t  of a fa1 I they  are  less I i ke l y   t o  harm t h e  crewman o r  equipment t h a t  
he might  be  carrying.  Pip-pin  type  handles  (removable)  are recommended i f  
t h e   h a n d l e   i s   n o t  an in tegra l   par t   o f   the   equ ipment   des ign .   Care fu l   p lacement  
o f   hand les   fo r   ba lance and c a r r y i n g   a t t i t u d e   s h o u l d  be considered.  Drawers 
and door  pul Is  shou I d be recessed as shown t o  avo id   ca tch ing  on c lo thes  and 
equ ipment .   L igh t ing   f i x tu res   shou ld  be f l ush   w i th   t he   su r face   o r   cove red   w i th  
a f l e x i b l e   o r   p l i a b l e   m a t e r i a l .  A l l  corners  should be avoided and, i f  poss ib le ,  
a l l   su r faces   shou ld  be  padded. 
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4.7 HOUSEKEEPING  AND  PERSONAL EQUIPMENT CARE'MODULE 

corn 
sea 
des 

The 
and 

, t h e  

Pictured  is  the  housekeeping  and  personal   equipment  care  module.  The genera l  
housekeeping  and  equipment  care  equipment  should  be  located  together  in a 

pac t   s to rage   a rea   con ta in ing   t oo l s ,   wo rk  bench, vacuum, work s t o o l s   o r  
ts,   equipment  checkout  gear,   repair   manuals,  and c leansing  agents .  The 
ign   i nco rpo ra tes   a l  I t h i s  equipment  on  one wa I I .  

work  bench i s  fo l  ded down f rom t h e  wa I I expos ing   t he   t oo l s ,   e t c . ,   t he   sea ts  
I arge  equi  pment a re   s to red  be low. The crewman on t h e   r i g h t   i s  vacuuming 
s h e l t e r ,  a t a s k   t h a t  wi l l  be   necessa ry   seve ra l   t imes   du r ing   t he   m iss ion   t o  

he lp  keep t h e   l u n a r   d u s t   f r o m   b u i l d i n g  up t o o   h e a v i l y .  

C lean ing   and   d ry ing   mach ines   f o r   c lo th ing  and other  personal   gear  must  be 
prov ided.  However, w i t h  a s t a y   t i m e   o f  28 days f o r  2 crewmen, a s u p p l y   o f  
f resh  c lo th ing  weighs  less,   requi res  less  vo lume  and  necess i ta tes  no 
ma i ntenance . 
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4.8 AIRLOCK 

A I RLOCK  CONTENTS 

The a i  r l o c k  module  shou I d conta 

Lock Mechan i sms 
Handho I ds 
Bench 
Pressur i z a t  i on  Hardware 

Va I ves 
Gauges 
A I arm  Systems 

i n   t h e   f o l l o w i n g   i t e m s :  

Pressure  Sui t  
Por tab le   L i fe   Suppor t  System (PLSS) 
S u i t  and PLSS Storage 
Hangers t o  hang s u i t s   f u l l   l e n g t h  
Check Out  Equipment 
L i g h t s   f o r   s h i   r t s   l e e v e   s u i t e d   a s t r o n a u t s  
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A I RLOCK  DES I GN 

The a i   r l o c k  module  must o f f e r   b o t h   t h e   s h i r t s l e e v e  crewman and the   p ressu re  
s u i t e d  crewman w i t h   a c c e p t a b l e   h a b i t a b i  I i t y .  Handholds  are  des igned  d i f fer -  
e n t l y .  They are  not   recessed as suggested  in  the  locomotion  designs  because  they 
must   be  used  by  both  the  sh i r ts leeve crewmen and t h e   s u i t e d  crewman w i t h   h i s  
c l  umsy EVA cover   g love.  Two t y p e s   o f  benches  are  shown:  one f o r   t h e  sh i rt- 
sleeve crewman and  one f o r   t h e   s u i t e d  crewman t o  r e s t  on wh i l e  he w a i t s   f o r  
r e p r e s s u r i z a t i o n   o f   t h e   a i r l o c k   a f t e r  a l ong   exhaus t ing   s i x   hou r  EVA. Two t ypes  
o f  I i gh t ing   a re   necessary :  one t h e   u n s u i t e d   c o n d i t i o n  and t h e   o t h e r  of h i g h e r  
i n t e n s i t y   f o r   t h e   s u i t e d  crewman t o  be  acc l imated and p o s i t i o n   h i s  sun v i s o r  
s h i e l d s   d u r i n g  pump  down o f   t h e   a i r l o c k .  
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DUSTER  MODULE 

Lunar  dust was proved t o  be  a  prob lem  and a menace t o   t h e   h a b i   t a b i  I i t y  system 
and genera l   comfor t   o f   the   as t ronauts   o f  Apol io XI and XI I . 
P i c t u r e d  as a  design  concept i s  a  duster  module.  This  module i s   a t   t h e  ESA 
entrance of t h e   a i   r l o c k .  The ESA crewman must e n t e r   t h e   d u s t e r  module and dust  
h imse l f  o r  t h e   o t h e r  crew member. The dus ter  module i s   n o t  a   pressur ized 
environment, j u s t  a   s t o p p i n g   s t a t i o n   t o   d e d u s t  by whatever means can be 
provided.  Methods for  r i d d i n g   t h e   d u s t   f r o m   t h e   s u i t  and other  equipment 
shou I d  be  researched. 
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5 
5.0 INTEGRATION OF MODULES 

W ith  the  development  of  guidelines  for individual modules,  the  next 
step  is to  integrate  the  modules  into a total  shelter  concept.  The 
primary considerations  for  achieving  this  integrated  concept  include 

the  sequence  of 
interfaces  (entry, 
of module  activ- 

the  time-  spent- at acti  vities  associated with each  .moduTe, 
activities  involving  different  modules,  the  frequency  of 
exit)  among  modules, and the  requirements ‘for the  sharing 
ities in the  same  physical  areas. 

The  assumptions and ground  rules  underlying  the  integration of modules in- 
clude  the  fol  lowing: 

o The  tota I space  requi  red  for  the  shelter w i  I I be  kept  at a 
minimum given  that  safety,  performance, and comfort  demands. 
can  be  saf’i  sf ied 

o Both  asti-onauts w i l l  sleep,  work, and eat  at  the  same  time 

o Sleep  areas w i  I I be  segregated 

o A six  hour EVA (extra  vehicular  activity)  period  is  assumed 
once  every 24 hours  which  is  performed  simultaneously  by  both 
astronauts 

0 Periods  of  privacy  can  be  provided prior to and immediately 
after  sleep, during waste  elimination  and  personal  hygiene, and 
occasionally during rest and relaxation 

0 Astronauts w i  I I be  provided  with an eight hour sleep  period 
which  includes a relaxation  period  before and after  actual  sleep 

0 Time  spent  on 
off  duty  requ 

mission  activities wi I I 
i rements  can  be  adequate 

be  maxim 
ly satisf 

ized given  that 
i ed 



5.1 TIMELINE ANALYSIS 

The t i m e l i n e   f o r   t h e  crew i s   p r e s e n t e d  as a s i n g l e  sequence o f   a c t i v i t i e s  
on  a t i m e   s c a l e .   T h i s   t i m e l i n e   a p p l i e s   t o   b o t h   a s t r o n a u t s   ( a n d   t o   t h e  
t h i r d   a s t r o n a u t  when a p p l i c a b l e )  and  assumes tha t   s leep,   nour ishment ,  
work  and r e s t  and r e l a x a t i o n   a c t i v i t i e s  wi I I be  conducted  s imultaneously.  
I t  i s   a l s o  assumed t h a t  whi l e  one a s t r o n a u t   i s   e l   i m i n a t i n g   w a s t e   t h e  
o t h e r  crewman is   per fo rming   persona l   hyg iene.  

" - ~~ 

Only  one r e s t  and r e l a x a t i o n   p e r i o d   i s   i n d i c a t e d  on t h e   t i m e l i n e .   A c t u a l l y  
t he   as t ronau ts  wi I I r e s t  whenever  they  desire t o   d u r i n g   t h e  day. Per iods  
of r e l a x a t i o n   a r e  assumed i m m e d i a t e l y   p r i o r   t o  and a f t e r   a c t u a l   s l e e p  and 
dur ing  nour ishment   per iods.  

The t ime t   i ne  shows th ree   separa te   pe r iods  of mission  work. One p e r i o d   i s  
p r i o r  t o  EVA where  preparat ion and p lans   a re  made f o r   t h e   s u r f a c e   o p e r a t i o n s  
The second  work   per iod   inc ludes   the   s ix   hour  EVA w i t h  a p e r i o d   o f   s u i t  
donning p r i o r   t o ,  and s u i t   d o f f i n g   a f t e r ,   t h e  EVA. The t h i r d   p e r i o d  
c o n s i s t s   o f  a d e b r i e f i n g   e x e r c i s e   w h e r e i n   d a t a   f r o m   t h e  EVA are  recorded 
and  communicated t o  m iss ion   con t ro l .  

An impor tant   aspect  of t h e   t i m e l i n e  was the   schedu l i ng  of  a c t i v i t i e s .  A 
minimum o f   f o u r   h o u r s  was s e l e c t e d   t o   s e p a r a t e  any two  meals.  Actual I y 
t h e  meal s e p a r a t i o n   t i m e s   a r e   f o u r  and  one h a l f ,   e i g h t ,  and n ine   hours .  
Four   pe r iods   o f   was te   e l im ina t i on  and conduct ing  personal   hyg iene  are 
p r o v i d e d .   A c t u a l l y   n o   r e s t r i c t i o n s   a r e  imposed  on  waste e l i m i n a t i o n .  The 
as t ronau t  can r e  I i eve h  irnse I f whenever  he  desi  res.  The  per;  ods  are 
inc luded t o   f a c i l i t a t e   p a c k a g i n g   o f   t h e  modules i n   t h e   s h e l t e r .  

One per iod   o f   housekeep ing  and  personal   equipment  care  is   included  which 
wi I I occur   eve ry   t h ree  days  and wi I I b e   p e r f o r m e d   d u r i n g   t h e   e a r l y   p o r t i o n  
o f   t h e   r e s t  and r e l a x a t i o n   a c t i v i t y .  The a c t i v i t i e s   r e q u i r e d  t o  c lean and 
service  separate  areas  and  personal  equipment wi I I be conducted   da i   l y  as 
the  areas and  equipment  are used;  however,  a pe r iod   o f   genera l   c l ean ing ,  
checkou t ,   and   m ino r   repa i r   i s   schedu led   f o r   t he   pe r iod   occu r r i ng   eve ry  
t h r e e  days. 



ELAPSED TIME (hrs 

" 

S I eep 

Waste E l i m i n a t i o n  
Hyg i ene 
Nouri  shrnent 

M iss ion  Work - Operat ions 

Housekeeping & Personal  Equipment  Care 
Rest & Re laxa t i on  

Waste E l i m i n a t i o n  
Hyg i ene 
Nourishment 

M iss ion  Work - Don S u i t  

M iss ion  Work - EVA 

M iss ion  Work - D o f f   S u i t  

Waste E l i m i n a t i o n  
Hyg i ene 
Nouri  shrnent 

M iss ion  Work - D e b r i e f i n g  

Waste E l i m i n a f i o n  
Hygiene 
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5.2 ACTIVITY ANALYSIS 

One c o n s i d e r a t i o n   i n   a l l o c a t i n g   a v a i l a b l e  space t o  i n d i v i d u a l  modules i s  
t h e  amount of t i m e   s p e n t   i n   a c t i v i t i e s   a s s o c i a t e d   w i t h   t h e  module. The 
ac t i v i t y   ana lys i s   p resen ts   t he   pe rcen tage  o f  t o t a l   t i m e   s p e n t   i n  each 
module a c t i v i t y .  

A comparison of t hose   a l l oca t i ons   w i th   t hose  recommended f o r  LESA, 
NASA g u i d e l i n e s   f o r  ELS, ac tua l  ELS, and  Lunex  I I is   presented  below. 

NASA 
Present Gui del   ines ELS 

Study LESA ELS M o d i f i c a t i o n  Lunex I I  

S I  eep 33 % 32 % 42 %2 37.5% 35 % 

M i  ss ion Work 

EVA 25 % 24 % 19 % 19 % 3.8% 

I SA1 19 % 22 % 25 % 19 % 36 % 
Unschedu I ed 0 7 %  0 0 0 

TOTAL 44 % 53 % 44 % 38 % 39.8% 

Exe r c  i se 0 I %  0 0 0 

P e r s o n a l   A c t i v i t i e s  
.. 

Locornot i on 1 %  

Waste E l im ina t i on  I %  

Rest & Relax 8 %   7 %  

Persona I Hyg i ene 3 %  I  .5% 

TOTAL  13 % 7.5% IO $ 3  17.8% 8.5% 

Eat ing  9 %  6 %  * 7%  12.5% 
~ ___ ~~ 

Housekeeping 

includes  don/doff   includes R & R i nc I udes e a t i  ng 
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NOURISHMENT 9% OF uauan UUlaE 

REST 
& RELAXATION 

- 
HYGIENE E - E - 8% - - 

- 
LOCOMOTION 

- - - - - U% 
HOUSEKEEPING 

& PERSONAL I 
EQUIPMENT CARE E U% 

WORK 11111111111111111111lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 4 41% 
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As i n d i c a t e d   b y   t h e s e   c o m p a r i s o n s   t i m e   a l l o c a t e d   f o r   s l e e p  and miss ion  
work a c r o s s   t h e   s t u d i e s  was f a i r l y  comparable. The present   s tudy   equa ls  
t h e  NASA ELS g u i d e l i n e s  and i s  second  only t o  LESA i n   t o t a l   t i m e  f o r  miss ion  
work. I n   t h e   p r e s e n t   s t u d y   n o   t i m e   i s   a l l o c a t e d  f o r  e x e r c i s e   s i n c e  it i s  
assumed t h a t   e x e r t i o n   d u r i n g  EVA w i l l  be s u f f i c i e n t .  The t i m e   a l l o c a t e d  
f o r   p e r s o n a  I a c t i v i t i e s   i n   t h e   p r e s e n t   s t u d y   i s  we I I above LESA and 
Lunex I I .  The a l l o c a t i o n   f o r   h o u s e k e e p i n g   i n   t h e   p r e s e n t   s t u d y   i s  much 
less   t han   t he  NASA g u i d e l i n e s ,  ELS, and  Lunex I I .  Time a l l o c a t e d   f o r  
e a t i n g   i n  ELS i s   e x t r e m e l y  smal I w h i l e   t i m e   f o r   p e r s o n a l   a c t i v i t i e s   i n  
t h a t   s t u d y  seems excess ive.  

5.3 FLOW  ANALYSIS 

The f low map i n d i c a t e s   t h e   d i r e c t i o n  and  frequency o f   i n t e r f a c e s  among t h e  
various  modules. No assumptions  are made t h a t   t h e s e  modules  comprise 
separate  physical   areas,  however,   the map ind i ca tes   l ocomot ion   requ i re -  
ments i f  one  separate  area was assigned t o  each  module. The map i n d i c a t e s  
a t o t a l   o f  17 t r i p s  when housekeeping i s   i n c l u d e d .  The e x t e n t  o f  t h e  
t r i p s   i s  reduced as modules  are  shared  in a common area. 

As shown on t h e  map t h e   a s t r o n a u t   p e r f o r m s   w a s t e   e l i m i n a t i o n   a c t i v i t i e s  
a f t e r   s l e e p ,   r e s t  and r e l a x a t i o n ,  and mission  work.  From was te   e l im ina t i on ,  
he  always  procedes t o  hygiene. From hygiene he goes t o  s l e e p   o r   t o  
nour ishment.   Af ter   nour ishment  he  a lways  performs  work  and  he  performs 
p lanned   res t  and r e l a x a t i o n   a f t e r   w o r k  or, e v e r y   t h i   r d  day, a f t e r  house- 
keep i ng. 
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5.4 CONCEPTS  FOR MODULE AREA SHARING 

comp ‘I e t e  I y 

Concept A 

Concept B 

Concept C 

Concept D 

A l te rna te   concep ts  f o r  area   shar ing   cou ld   range from a s i n g l e  compartment 
used t o  house a l  I f u n c t i o n s   a t  one  extreme t o  a separate  compartment f o r  
e a c h   f u n c t i o n   a t   t h e   o t h e r .  The s h a r i n g   c o n c e p t s   e v a l   u a t e d   i n   t h i s   s t u d y  
d i d   n o t   i n c l u d e   e i t h e r   e x t r e m e   s i n c e  i t  was assumed t h a t   t h e   a i r l o c k   w o u l d  
always  be  separate  f rom  the I i v i ng /work ing   a rea   and   s ince   t he  use o f  

ded ica ted   a reas   fo r   each  func t ion  was n o t   p r a c t i   c a  I . 
S ing le   work ing / l i v ing   compar tment  and a i r l o c k   ( L u n e x  1 1 ,  E a r l y  
Lunar  Shel ter ,   Stay  Time  Extension  Module) 

Same as concept A e x c e p t   t h a t  a s e p a r a t e   a r e a   f o r   w a s t e   e l  i m -  
i n a t i o n   i s   p r o v i d e d .  

Dedicated  areas f o r  a i r l o c k ,   w a s t e   e l i m i n a t i o n ,  and personal  
h y g i e n e   w i t h   a l  I o t h e r   f u n c t i o n s   s h a r e d   i n  a s i n g l e  compartment 

One area  shared  between  sleep,  personal  equipment  care, and 
r e s t  and r e l a x a t i o n ;  one  a rea   shared  be tween  miss ion   ac t i v i t ies  
and   nou r i shmen t ;   separa te   a reas   f o r   a i r l ock ,   was te   e l im ina t i on ,  
and hygiene.  

Concept E 

Concept F 

A t r a d e o f f  

One s leep  compartment   shared  wi th   nour ishment   and  rest   and 
r e l a x a t i o n ;  one s leep  compar tment   shared  w i th   m iss ion   ac t i -  
v i t i . e s   a n d   r e s t  and re laxa t i on ;   separa te   a reas   f o r  a 
was te   e l im ina t i on ,  and hygiene. 

Same as concept E e x c e p t   t h a t  a s e p a r a t e   a r e a   i s   p r o v  
a l  I r e s t  and r e l a x a t i o n .  

i r l o c k ,  

i d e d   f o r  

o f   these  concepts  on app I i cab l e  hab i t a b i  I i t y   requ i   remen ts  was 
performed  and  the  resu I t s   o f   t h   i s   a n a l y s i s   a r e   p r e s e n t e d   i n   t h e   S h a r i n g  
Concep t   T radeo f f   Tab le .   I n   t h i s   t ab le   requ i remen ts   a re  I i s t e d   f o r  each of  
the   th ree   c lasses :   sa fe ty ,   per fo rmance,  and comfor t .  These  requirements 
were  developed f rom each o f  t h e  hab i t a b i  I i t y   c r i t e r i a .  The  numbers en te red  
i n   t h e   t a b   l e   a r e   w e i g h t e d   r a t i n g s   o f   t h e   d e g r e e   t o   w h i c h  a s p e c i f i c   c o n c e p t  
s a t i s f i e s  a g iven  requi   rement .  The r a t i n g s  used i n   t h e   a n a l y s i s   w e r e :  

I - Poor 2 - Inadequate 3 - M i n i m a l   E f f e c t  4 - Good 5 - E x c e l l e n t  
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When a r a t i n g  was es tab  I i shed f o r  a concept  on a requ i   remen t ,   t ha t   ra t i ng  was 
we igh ted   as   fo l lows - a w e i g h t i n g  of  t h r e e   t i m e s   t h e   r a t i n g '  was used fo r  a l l  
requi rements  under   safety ,  a w e i g h t i n g   o f   t w o  fo r  performance  requirements,  
and a w e i g h t i n g  o f  one fo r  comfort requi  rements. 

REQU I REMENTS  CONCEPTS 
A B C D E F 

SAFETY 

Emergency Egress 15 12 9 . 6  6 6 

Ease o f  Locomotion ' 12 12 9 6 12 6 

Ease of  Commun i c a t   i o n  12 12 9 6 6 6 
~ 

PERFORMANCE 

Space Requi  red 

F l e x i b i  I i t y  

Area   Prepara t ion  

Growth  Potent i a I 

Packag i ng 

M u l t i p l e  Use 

Dep I oyment 

Housekeep i ng 

L i g h t  i ng  Contro I.  

Temperature  Control 

Noise  Contro I 

Use o f  Space 

~~ ~ 

IO 

8 

4 

8 

6 

8 

4 
8 

2 

2 

2 

4 

8 

8 

4 

8 

6 

8 

6 

6 

2 

2 

2 
4 

6 

6 

4 
6 

6 

4 

6 

6 

4 
4 

4 

6 

6 

4 

4 

8 

8 

8 

8 

2 

IO 

8 

a 
8 

4 

8 

8 

8 

6 

8 

8 

4 

IO 

a 
8 

8 

2 

6 

8 

8 

4 
6 

8 

4 

IO 

8 

8 

IO 

COMFORT 

P r  i vacy I 2 2 4 4 4 

Confinement I I 3 4 4 4 

Var ied   V i sua l   S t imu la t i on  I 2 3 4 4 4 

TOTAL 108 I 05 97 112 * 124 I12 

* most e f f e c t i v e   c o n c e p t  i n te rms  o f   the   requ i   rements  
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5.5 DESIGN INTEGRATION 

The f i n a l   s t e p   i s   t o   a p p l y   t h e   a n a l y t i c a l   t e c h n i q u e s  t o  develop  repre- 
s e n t a t i  ve she l te r   des ign   concep ts .   Desc r ip t i ons  of  th ree   concepts   a re  
p r o v i d e d   t o  i I l u s t r a t e   t h e   a c t i v i t i e s   w h i c h   c o m p r i s e   t h e   h a b i t a b i   I i t y  
systems  deve  lopment  approach  and  are  not t o  be  construed  as  desi  gn 
recommendat ions.  

The i n t e g r a t i o n  o f  modules i n t o  a f l oo r  p l a n   i s  done i n   s e v e r a l   s t e p s :  

o Choose a sha r ing  module  concept 
o Choose f u n c t i o n  
o A s s i g n   t h e   f u n c t i o n  module c o n f i g u r a t i o n   t o   t h e   s h a r i n g  

concept. 

The sha r ing  module  chosen i s   t h e  recommended concept  (See,  Concepts 
f o r  Module  Area  Sharing),  Concept E, one sleep  compartment  shared  with 
nourishment  and  rest  and  relaxation;  one  sleep  compartment  shared  with 
m i s s i o n   a c t i v i t i e s  and r e s t  and r e l a x a t i o n ;   s e p a r a t e   a r e a s   f o r   a i r l o c k ,  
was te   e l im ina t i on ,   and   hyg iene .   Th i s   sha r ing   concep t   i s   used   f o r  a1 I 
t h r e e   s h e l t e r   c o n c e p t s  t o  i l l u s t r a t e   t h e   d e s i g n   p o s s i b i l i t i e s   b y   c h o o s i n g  
d i f f e r e n t   f u n c t i o n  module c o n f i g u r a t i o n s .  

The pe r ime te r  and o u t s i d e  shape of  t h e   s h e l t e r   i s   f o r m e d   f r o m   w i t h i n ,  
th rough  cho ice  and j u x t a p o s i t i o n  of  the   func t ion   modu les .   There  'are 
t h r e e   c o n c e p t s   f o r   t h e   s h e l t e r :   ( I  1 square, (2) c i r c u l a r ,  and (3) 
r e c t a n g u l a r .   J u x t a p o s i t i o n   p o s s i b i l i t i e s   o f   t h e   c h o s e n   f u n c t i o n   m o d u l e s  
are  reduced  by  the  shar ing  concept  and t h e   d i r e c t i o n  and  f requency  of  
i n t e r f a c e s  among the  var ious  modules.   Shar ing  Concept E has f i v e   m a j o r  
modules: 

A. Nour ishment ,   s leep,   rest  
6. Miss ion  work,   s leep,   rest  
C. Hygiene 
D. Waste 
E. A i r l o c k  

Modules C and D shou ld  be t o g e t h e r  and A and B n e x t   t o  them;  module E 
shou ld  be c l o s e   t o  modules B and C. 
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5.6 DESCRIPTION OF CONCEPTS 

SLEEP 

The s leep ing   con f igu ra t i on   used   i n   concep ts  I and 3 i s   t h e  recommended 
s leep  modu le   con f igura t ion .   S leep  conf igura t ion  2,3 has a separa t i ng  
wal I w i t h   t h e  crewmen's  heads at   opposi te   ends.   Concept  2 used 0 ,3  which 
i s  a s e p a r a t i n g   w a l l   w i t h   t h e  crewmen's  heads a t   t h e  same end. 

HYG I ENE 

The h y g i e n e   w a l l   i s   n e x t   t o   t h e   w a s t e   e l i m i n a t i o n   m o d u l e   i n   a l l  
concepts. The c o n f i g u r a t i o n   i s   t h e   f o u r t h   c o n f i g u r a t i o n   c o n c e p t .  The 
shower u n i t   i s   i n  a separate,   but   nearby,   locat ion.   Concepts I and 3 use 
the   cu r ta in   wa l l ,   f o ld -ou t   shower   un i t .   Concep t  2 uses a separate,  perm- 
anent  shower  stat  I . 
REST AND RE  LAXAT I ON 

Rest   and  re laxat ion  modules  are  shared  wi th   the  s leep  modules.   A lso,  
one i s  sha red   w i th   m iss ion  work, and t h e   o t h e r   i s   s h a r e d   w i t h   n o u r i s h m e n t .  
The con f igu ra t i on   chosen  f o r  concept I and 3 i s  2 ,3 ,  which  corresponds 
w i t h   t h e   s l e e p   c o n f i g u r a t i o n   h a v i n g  a separa t i ng  waI.1 w i t h   t h e  crewmen's 
heads a t   oppos i te   ends .   Con f igu ra t i on  2,2 i s  used for  concept 2. I t   a l s o  
corresponds  wi th   concept  2 ' s  s leep  conf igurat ion,   which  has a separa t i ng  
wal I w i t h   t h e  crew men!^ heads a t   t h e  same end. 

A t a b l e   f o r   r e a d i n g  and w r i t i n g   i s   p r o v i d e d   i n   t h e  same manner as t h e  
nourishment  and  mission  work  modules. The t a b l e   i s   p u l l e d  down f r o m   t h e  
wal I and  exposes t h e   s t o r a g e   o f   r e s t  and r e  I axa t ion   equ i  pment: read ing  
m a t e r i a l  , e a r  phones f o r  mus.ic, games, etc.   Al though  each crewman has 
h i s  own t a b l e  (same l o c a t i o n  as the  nour ishment  and m iss ion   work   t ab les ) ,  
bo th  crewmen can s i t   a t  o n e   t a b l e  f o r  games, e t c .  
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NOURISHMENT 

Concepts I ,  2, and 3 use the   to ta l   wa l l   nour ishment   des ign- -a   pu l l -down 
d in ing   tab le   wh ich   exposes   the   s to red   food  con ta iners ,   p repara t ion   equ ipment ,  
u t e n s i l s ,   h e a t e r s ,   e t c .  The nourishment  module i s   s h a r e d   w i t h   o n e   s l e e p  
and  one r e s t  and re laxat ion  module  which makes it p o s s i b l e   t o   u t i l i z e   t h e  
cushions from t h e   s l e e p  and r e s t  and re laxat ion  modules.  The recommended 
c o n f i g u r a t i o n  I ,   I ,  where t h e  crewmen s i t  ac ross   f rom  each  o ther   w i th   s to rage 
and necessary  equipment t o  one s i  de of  t h e   t a b   l e ,  i s  used i n  Concept I and 3. 
Concept 2 uses c o n f i g u r a t i o n  I ,3, i n  whi ch crewmen s i t   n e x t  t o  one  another 
w i t h   t h e   s t o r a g e  and  necessary  equi pment d i  rect  I y ac ross   t he   t ab  I e. 

MISSION WORK AREA 

The miss ion  work a r e a   i s  a m i  r r o r  image of  the  nour ishment   area  des ign.  

WASTE ELIMINATION MODULE 

The w a s t e   e l i m i n a t i o n   m o d u l e   i s   n e x t   t o   t h e   h y g i e n e   m o d u l e   i n   a l l   c o n c e p t s .  
The c o n f i g u r a t i o n  chosen i s  0 , 3 ,  w h i c h   h a s   t h e   s t o r a g e   a r e a   d i r e c t l y   i n  
f r o n t  of seated crewmen. 

HOUSEKEEPING AND PERSONAL  EQUIPMENT CARE 

The equipment  care  module i n   concep t  I i s   t h e   s i n g l e  wal I des ign   i nco rpo ra t i ng  
a I I of  the  necessary  equi   pmnt .   Concepts 2 and 3 have a s i m i  I a r   des ign .  
The d i f f e r e n c e   i s   t h a t   t h e y  have two s m a l l e r   w a l l  modules  which  house  the 
equipment. The personal  gear  such as c l o t h i n g   i s  stowed  next t o   t h e   s l e e p  
modu I es.  
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HOUSEKEEPING WALL 
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CLOTH I NG 
PERSONAL 
EQU I PMENT 
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R B R  

R a R  
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SEAT 1 

REST 8 RELAXATION I 
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